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1li« work r«ii»ort«<l in tli« praseiit thesis has besa dividsd 
into stv ohspters* 
In Utosptsr I , a gsneral iatroduotion to the work dis* 
ous«i»«i in tut thesis i» given. In sclditian to this , a brief 
aeeount of the ga)Mifi«»ianna angular oorrelation as welt as the 
various otiotear sodets are also gives. 
Chapter II deals with the neasurftiieiil_ol__theJiall-tife 
of the 53lceV^ level Xn *?^ »Ml» The half*»life of this level 
has been sieasuretf usinji: the del eyed coinoidenee teohnique and 
foun^ to have the value Tw^ <• 3«S6 • 0»i(l ns* 
ChiQpiter III i^ives the £a«uui<<HM>M|ia angular oorrelation 
«eaeureiseiitg_of the 333 j-> ZjQ key and j|04 •? aiO lw<^  easoades in 
ftoputated fron the deoiy.joJLJ *Ba» rro» these iieasureswittts 
i u spine of the 3td ke^ and 630 keV have been assiKoed to be 
S/a^ and 3/a^i respeetively. The 833 ke<r gasMe rty i s found to 
be a Mixture of (36 • tA)% \i^ and (T4 • U)i &^ and the 404 keV 
fSMM r ^ i s feuad to be a Mixture of (3 ^ 6)i(li^ end (93 * %)§ S^, 
In Chapter IV a new two «ia activity observed b / ^ f in |b$ 
bsiflirdaeiit of enriebed *'®re with id.a MeV aeatrona i s diseussed. 
• 3 • 
Tli« «ro«t ••otion for tii9 profltteiton of tiiis ii«w two nin MUvity 
i e fornix to iMi 49 • 17 Mb* Tlio ond point energy of t&e beta ray 
fro» ttiie two tain oetivity i s oleo aeoeured* rhe two lao aotitrtly 
128 
fe Host probably due to ** Sb« 
Chapter V deal a the *ayateaatioa of li^ tranaitioaa in 
dafAriiad evan-Hiven niiolei*** In the firat part of tbla eb«|>tari 
the n^ traaaltion probabilitiea fron ttta 2^ grotmd atate rota'* 
tionul band to tbe 0** ground atate ^'nU^f 3* ->• ^)J/ of tbe 
deforaod (rare oartb and aotlnide regi<ma) auoiei bave been 
oatetilated uaing tbe Pavydov and Hoatovalqr eatiAatea. Hie 
tranaltlon probabilitiea predicted by tbis oodel bava been 
oo^ Rnared irltb the experiaental data. From tbia ooaparisflNn, i t 
has been fotmd that the im eatinatea are otoaar to the experioeatal 
ratea* Tbe variations of the ratios ^(t^))^^. ^^^^^^m ^ ^ 
^^ '^ a^ exrt ^^ ^ a^ SP ***** **** nonaxlality paraaeter ^^ of Uavydov 
i^ilippoff theory (ahioh ia a aeaaura of tbe degree of departure 
from the arial syametry) bave been atudied* In the aeoond part 
of tbia ebapterf tbe ratios of the is^ traaaltion probabilitiea 
from tbe 3** atate of the *giuMa* vibrational band to the 3^ imd 
0 etatea of tbe ground atate rotational band In tbe roore-eartb 
ttud aetinlde regions of tbe even-«even nuclei are eatiaated ualng 
tbe aaynMMtrio rotor aodel of Oavydov and Uostorsky. Tbe knoen 
experiaeatal » ( E J , 3** - * 3 * ) / B ( K 3 , 3** ->• o*) valuea for the 
above regiona were coapared with the tbeoretioal eetiaatea. 
• 3 • 
I t If <}bff«rv«<l ttial tlila aoil*! •xptnlaa ••UtfMtori ly «ll ih« 
Imoini •xf»«rlmiiital &&t&. Qareept ^ora of tb« plaUntia ouolsl. 
«a irjcplMfttlon tor th« <Ii«agr««Mint In tli« pltttlatni auolai la 
Hlvan, for aono imololt whoro tlio roquired exporiaiotttal intor* 
aatlofifi ar«i avallatytot *^o h<^ vo atao atudledi the variations of 
In thB last ohfj^tar* tJbo slnglo partlolo ooro coupling 
ROdol baa beon dlaousaod for a largo nimtior of ntiolel «iioro tbe 
la«t od<l fitieleon 1» In on« of tho "i/flt ^a/2» '^l/a *"*^  **3'2 
atatffnt* Ttio redueod i^^ treiamition probabltltlos frosi thu various 
levels of tha sattltlplat to tho groiiadt atata aro oaloulated for 
all onnmn vthnrm tha axparlnental data la available and ooaperod 
wltb tlio raduoad i:^  transition probability of tbe flrat 3^ -^ Q* 
trwiaitlon of tb« oorraapondlng crore nuelaua* Fba oantra of 
gravity of tbe naltlplot la also oonparad tiltri ttia anorgy of the 
flrat 3^ atate of the oora* I t la found that tba lo«<*lylng 
atatea of tha niiolel, oonaldarad; oan be raaooably explained 
on the baals of thla nodal* 
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1 
Tilt poroeption audi inttrpratatioa of tti« proportiat 
of tho oxeitod otatos bav» r«»ult«il la ooii»idoir»&lo insigbt 
into tbo naoloar «truetiir«* Sa UA* oonnooUoa bola «a43 
gamm. ruy •p«otro«oopy tiat plarad a sigolfioaat rola, 
lafaoty tHe thoersr of SIMII nwtfol aad oollootivo aodol woiro 
foimdad siUaly oa yi« basis of tbe valaabla ioforaalioaa oa 
nuolaar properlios of lov ly iag ezoltad ievals datoroiaed i^ 
diffaraat oacpariMatal prooaduras* fha lavala haro ara 
aamitad aotflr Hgr bata daoar !'''<» tba paraat radioaaliva 
naotaut produaod bgr various tjpaa of auolaar raaations* 
f % ia austoaarjr to dasoriba avary auolaar atata by 
oartaio obaraotariaUos suob as tba aaraitaUon aaargsr, tba 
total angular ooasntuai tba parit/i tba isospiat tba ^uad-
ruj»ola aoaaatf tba baif l i fa of tba stata aiul tbs aultipola 
ordara oarriad avar W aaab gaaMa r^y, fba aia of avary 
axpariasatal work in auolaar apaatrosaopy ia to obtain 
infar«atioas about tboaa paraaatarat as far aa paaaibia« 
Oaaa a aualaaa i s in an axaitad statat tbara ara 
asiraral war* for i t to daoay to a lovar atata, la praotiaai 
2 
tiM toir»lyiiig l«v«ls ara iooapabl* of pftrUol* &iais0ioii. f l i* 
low onorcf lovols »o»tty Oooiiy oittior by th» OMifftloa of 
•l«otronagii«Ue radiatioas or by iataraal ooavaraloa •laotroait* 
I f th« aatrgjr of itw elaetroaai^aatio transitioa l a graatar 
than i«Oa HaVi tlian tUe ia iarnal pair proauolian also ooapfCttBrn 
with the abova naaUonad prooaaaaa* ^tu«ly of (baaa alootro'* 
nagnatlo radiaUooa aad ooavaraioa alaotroaa yiaiaa a n^raat 
daal of Inforaattoa about tba auolaar propartiea» aad to a 
ooaaidarabla axtant* about tita atrttotura of the uuoioua as 
a wholo, 
Wb«a a gaaaa ray traaait ioa of aartaln aaari^ and 
aagalar aonaitttuB»£ » takaa plooa froa aa I n i t i a l axoitad 
atata of ipla I^ and parity ic ^ to a loaar aaari^y atata of 
spin l(,and parity TTi^ i t l a ooavaalaat to apaaic of tba aula-
aioa of gaama ray of a partioutwr ault ipolai alaetr io i v^^) 
i £ 
i f tba parity oban^a ia ( • ! ) and aaa^iiatla 3 (M£> i f tae 
£ • 1 parity obaaga ia (-1) • flw ooasariratioa of total aanular 
aonaataa and parity daaanda tbat tba angular otoaaatua taktoo 
away by tba aoittad gaaaa ray aust obay/aalaetioa rulaa ' 
A'7\ • ' ^ n / A ^ • ( -1) for alaotr ie traaait ioa 
(•1) '*' ^ for aattoatio traaait ioa • (a) 
Tii«M Ml««( ion rul«« r^str iot thtt m^iaUontt of l l a i l# f l 
ataltlpolfiriUtt* iMitwi*!) th« two 9p9eiti%A • * •« •» • ia f«ot | 
onljr tbt traacttloas of loiNitt po««il>l« aa lUpol * ordtrt 
poraittedi by tti» 9«l«oUou ral«8« aro prcfitoaioaiit anil •Oiflw 
tia«a a anall adttlattura of tiii^har nultlpola ordara aro alao 
praaant. fha gama rajr tranaitioa tHiiaaaa tida two atataa 
liavlttg »aro angular aaaaatun la a t r l o t l r forMcidaii dua to 
ttia fact tiiat tha phoirotis ara tranavuraa in oUaraotar and 
aust talea amty at taaat ona unit of angular noawiatutt* I n 
sfiotk oaaaa» tlia da-axoltation of ttia aaolaua la poaaibla 
althor by tho amiaaion of a oonvaraioa alaotron or aleotron-
poaitron pair i f ttia anargy wrailaDla ia graatar than i .ua doif^ 
In tha intarnal oonvaraion prooaaa^ atoMie alaotrona 
ara ojeotad i f ttio availatila axeitation aaargy axoaada taa 
binding anargy of tba alaotrona* fba intarnal oonvaraion 
ooaffioiant wbiob ia tba rat io of tba rata of alaotron 
ajlaotion to tba rata of goma rtiy asiaaion» ia of graat 
aaaiataaoa ia datarainiag tba taultipolaritiaa 9i tba §,mmm 
raya abiob giva ua inforaiation (riio^t tbo apina and pari t iaa 
of tba nuolaar lavala iovolirad* 
Tba oonvaraion ooaffioiaatsdapaod upon tba traaait ion 
aaargy* tba atoaio aoabar of tba a a t a r i a l , tba aab*aball 
froa wbleb tba alaotrona ara aaittad and tba aul t ipolar i ty 
of tba gaaaa ri«r. Xa tba oaaa of tba bindarad trana;itioaa» 
th» drotttalo aaol««r atruotur* su>(iifl«« tii« oonvtrsiao 
eoeffleitnt^ • Caloulatloatt of lfit«raal oowfmraiQa oo«ffi* 
ol«at8 liMiecl on a point auolous witii no soreoalug oftaot 
3) 
teAVo boon doao lijr Ea»o ot ol* J^ fttor* toMloii luto aooount 
tbe finite nuoloiir olso as well as ttio AoroQUla^  of foot 
?) 
Ulv end Jand ' j ao«« ' and i»aall ' parforeiod preoiso 
oalouloiton for Iha ii and L stiolls. Ja^ar and ^oltisor 
ovtandad thasa oaloulationa for tfito ..i abali for al l valuas 
of 'I from 30 to 103 In tho easa of four lowest alaotrlo atid 
laagnatle aultipolas* V^ry raoantly iirai^ ouo at al# ^ ooiapatoa 
ttie oonvarsion ooaffioiants for tiia ji-sliall also, Coaparlson 
of tliosa ttioorotioalty oaloulatad values witu tuo exparlaontal 
results enables us to infer tUe natura of gaana r@ s^ eiiittadf 
vbioti mBf fturtber all09 us to assign tbe spin and parities 
of ti^ e nuolaar ^tutrgy leirels* 
fha neasureflHint of gasoMi rar energies i s one of tne 
important ways of eatabllsblng tn» deoey sobettos of radio-
aotlira nuolel W assitfnln^ ilse level energise* fneee laeaaure* 
stents have also iMian found vary useful in studying tne ays-
te«atios and the validity of different nuolear taodels* Kurtbort 
ttie intensity asasuraflwnts also tbrow soae liglit un tae 
braaohiag ratio, order of tUe levelSt oaseade gaama raya and 
on the partial half-livas of the beta tNranohiags. 
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Til* (SL%lasy4 ooiiioiil«n<M t«oluiJlHU« tnvolvtt* Um (t«t«««> 
tiOB at tbo tisHS i»terval betveeis two •l«otroxiio ainjtalty 
oa« pro«tuo«d iit « i l«« «li»ii tiU« iov«Jt i s torwmA And itM oilitr 
wiitii tUd l«v«l d«Oflys» Hi* f i r s t sigaaX i s provid«di bgr a 
t>«tii or « cannA raar tqr «^i«ii tba lov«l i s £or«sd« <ill>srB»-
Uifslyt tbs U M I of pO{»ia«tioii of llio stats mttf IM fixsd fegr 
sxoitatioii of tbs stats nit l i a palssd iMian* fUs sxstsa 
oapaHls of asasuriti$ ttio s6ort l i fs^ l iass rs<iiairss thm uss 
of a fast ptiosptior aod a fast pbotoauitiplisr tubs* iim 
olrouit for tias dstsrainatioa ooasists of a vary fast also* 
tronio tias pioic off and soas t/ps of tias«to->a«iptitudo ' 
eonvsrtsr to asasurs tUs diffsrsnos in t ias of tiis svsats ia 
ths two dsisotors or in ons dstsstor rs la t ivs to a palssd 
bssa* In praotiosi l i fs t iass of auoloar Isvsis ars dstsraiasd 
sitbsr froa ttm sspoasatial slops ' svidsnosd ia tiis ooia* 
oidsnes tias spsstrua or tiy tlis osatraid sHif t^^^ astliodt 
rs lat ivs to tbs proapt ourvs* 
3. Aaautar Corrslatieos of Suoosssiirs Haolsar itadiatioas 
fh% tiMory of aagular oorrslatioas of sttoosssivs radia-
t ivs iraasitions is soi l dsvslspsd, and i t i s as i l knosa tbat 
tlis stadias of aacalar sorrslations ars <iitits iraiuabis ia tbs 
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d«t«ralaiktloii of spins of thm ftxoil«4 «t«i«» ami r«l*Uir« 
oontrllmtloas of various aalUpols ordsrs. fiiis tsaimiiiitt 
was also foiiad to b« saitablo for dstarmininit ttui auoiaar 
*f• faoiorsj tba aatr ix alaasats i a (bs l»sta daeajfj ttim 
Buolsar strttoturs dspsatfeaos ia tbo eoairsrsiiia praosss^^^,, 
tlM aagttstio and qaadrupoia aoasnts and in oblainiag soaa 
iaforaation aDotii ttm aolooular aftriiotare an<2 t ^ strt»tura 
of l iquids and solids • i/elailod treatasat of tHo Itiaory 
followi«is tlia introduotion of uaoaH at^sbra^^' oaa b9 found 
in tUs varions rsviova tor Uiodsnliarn and iiosa^^ • and 
Prausafelder and staffeo ' • fhs jisasureiisnis roported in 
Ibis tiMisis on t£ia gaiHaa-gaaiia an^ttlar oorralations of "''Ua 
aavs bssn parforosd to assign tiio spins and pari l ias of aoaa 
of tbs axeitad lavals and to obtain tba aagnituda of lbs 
aixiag paraaatar * ^ * of ttia gaaaa rai^s involvsd, A sbort 
aad siapla aooouat of ttoa tbaory of angolar oorralatlon of 
two sasasasiva radiations as a fonotion of tba aa^la botasan 
thair diraatioas of propagation i s givan balow* 
i f a radioastiva aaopla aaita t«o saeaaasira radiations 
»^ aad R^  a i tb diraalions U^ aad k^ raspsetivaiy fraa tba 
daoar of * atats A la c tbrougb an intaraadiata stata j l , tbaa 
tba radiation R^  *^®v* * dafinita aagalar oorralatioa. in 
Ibis oassf ]i(e Hsi. i a tba ra lat iva probability of tba aa is-
si on of tba radiation R^  a i tb ia tbs solid angla 4^ at an 
angltt e- witli nmp^ot to Ic'i^^ • 7t»o corr«iatlaii ftiiaeiiaa of 
gaawft rayc •aon iiftvltig d«f lni (« v«lii« of orbiiAl liunnstni 
nuMMr i , M«9r b« wr i iUt i in tli« slispli£i«fi toriA^^K 
W(^ , ,fc* ) « W( fr) • 51 A^ i'v) (U0» ©. i - - - - • - i3^ 
Wbartt 1^2) (Co« & > ar« ttia be^^ndro Pulynatitlals and A j «ro 
the oo«rfioi«at8 wfaiob dtpood on in* aatur* of tiio rw l ia -
tlonst tbe prap«rtl«s of ttm iavolvvdi Ivvols ood the pceeeaoe 
of ttie «Agiietio and elootrie f i e lds , fhe eowiatloa in 
equation (3) extende to an upper l i a i t tieeauee of the pro-
perties of tlie iiaooh ooeffioieote^^' and defined i^ the ruie^^^ 
«lMre£^ and £ . represent the auLtipole ordere of the two 
gMMia rara on^ ^^§ J and J^ the total angular MHiinenta of the 
etatee A, a and 0 reepeotively* 
For the anfular eorrelation of nnolear radiations 
:2^  sax* i s ueaallr taken to be 4. fhen the enuatioo ( 3 / after 
aoraalication, takes the for* 
w( e ) • 1 • Aj P,(Coe e > • A^ F^ (Cos © - > - - - • - i5 ) 
where the ooeffieleats A^ and A^ are given asi 
A . A ^ ^ ^ A ^ *^  
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me auptraoripts ( i / and (2) r^tmr to tti« rftdiatioas 
U. and it„f raspeotlvaljr. For all (da poaalbia caaaa of 
praotioai intaraat tb« valtias tor tiio oorrelatloii eoaffl* 
otaata bava tMan woricad out ttiaoratloaliy in taraa of r 
ooaffiolanta and iUa tablaa «ra availablo in tiio litoraiara'^^% 
r.a^arlaontallyt the ooinoldaaoaa Dtatmaeii tua aoooaaaiva 
radlationa oan be raoordad aa a fimotion of ttia aa&ia batwaoa 
then and than oorraotad for t&ta fiaita solid aoglaa of tUa 
oountara. Ttia loaat aquaraa f i t of tuasa data giva tUa 
axparinontal oorralatioa eoaffioiaata» A^  • {AJ'^* •. c~2^ 
and A^  • (A '^^ '^ ' • (j-^i wtiara G-^  and G-^ ara tlia aaaa 
•qaara arrors dafinad bgr uoaa '• 
For pure gaaoa radiatiooa aitti %m angular tooaiantua 
»eh9wm ^lii^) •> (^3) j^i t)>« ooaffiaianta A^ and A^  in tar«a 
of tha F eoaffioiaata taka tba fora^^^ 
A^  - F^ *^> (^ ^ i^ 4^4), F^ »^^  ( V a V ^ ^^ > 
Tha dataraination of aiparlaaatal A„ and A^  valuaa a^r balp 
in naiqoa apia aaiiicaMata. fba F«*ooafficiaat« oaa ba 
obtaiaad froa tba rafaranoa (ao) aa aoationad aboira* 
If tba tranaitiona ara aixtaraa of diffaraat aulti* 
polaritiaa auota aa J (^i^> J {p^) Jj» tbaa A^^^ ia givaa b/*''^ 
JO 
( t ) 
S fewiug tbt ttlxins rfttlo end ^ | * 4^ '*' ^ • 
A alflaiar aaqiyrtsBloii for A^ ooa «a«o h% wri it«a* 
TI10 ex|»r»«aloii for A^ l a t«raii of l£t<» ft-tsontileimit 1« Kivsii 
by 
Th« &%hmr toraa la Itaio oxproiialoit af A^  vaalsa iNioause of 
tho propartloa of ttio F-ooaffloiaa«s^^'« A p lo l of A^^^ v« 
Q. ia aquatloa (;i>) aad ^^^ v» W|^  i a atiuatloa \%t) ;^v« 
rospeotivaly aa ul l lpat Mid a •lrai:itit l ia« patt ia^ tliroa^a 
tha origia ' • For dlf f«raat iralaaa of %i^f %tm oorravpoadlait 
(1) 
values of ^2 ^*'* ®^ oaloulatad wita arbitrary iraluaii of 
i .« J aad i » , aad tho sla^la traaaiUoa alxtora ouTTa eaa l»a 
plottad* l a ordar to ot»taia ttia valua of \i^^ tiia K^*^ t^z^ 
aad (A *^^ *** tG~4^ •*"• «**vidad by tHa A^^^^ aad A^^^ traluoa 
of para traaaltloa* Tba ro tu l t l a t valuaa oaa ba eoaqiarad 
witli alagla traaaitioa ourvao vliieb giva tba valua of ^. 
aoaoiotedit witii «IM aapariaaat* 
Wiitii botb tb0 tr«ii»ltionM mr^ iilj(ttir«8 of i l ipol* And 
qttttilrupolo raaiaUontf A^ w i l l t»«ooa« tb« prodaci of %bm 
two txpr«»»loaii giv«a la •ttttaUoa i i ) and A^ m AJ^ • A^ 
iCnowiat th» AJ^*^ • C^ t *•»• T«l««« ot A}^^ and A / * * ' oaa 
ba plotlad at ant araa batvaaa ttta aquiiateral Ijorpartiolaay 
saUsfylfiji tba aquaU la 
AJ»>. AJ^'-A^^^*",^ (6.; 
Two slngla t raat iUoa aixiitra ouras ara plot tad witli 
soaloa to oolnoida with ttia A^^ *^' aad A^ ^ ' axaa oX tdo 
exporl mental grapH* la tbia «riuf a oar tain rait^a of ^^ for 
the f i r s t radiation oan i»a oorralatad «ltt i tuo raa^e of 
valaos of y» for ttia saoond radiation and vloo iraraa* So 
datartalao tlia wiUlpola adatxtura of ona ^awna rt^ igy tbla 
natbodt i t la alwafa aaaaatlal to obtain tbe laformatloa 
about tha aultlpola adalxtura of tfia sucond gaaaa rar froa 
othar aouroaa auoh aa balf U f a Maaaoraaant&ana Intarnal 
oonvaralon atudlea. 
3. Haolaar jlodala 
(•> aiaala Partlala Modol 
Tba propartlaa of tba axoltad nuolaar otataa ara 
saaarally uadaratoad In taraa of tba nuolaar sodalai In vblob 
J2 
esrtala groups of auol«oai9 «r« Iroatod at i f thay bad tavar 
dagraav of fraa<loa (ban tlia ooordloataa» moaaatat apin and 
laotpitt of ibalr individual ouolaoas. In Itie aioj^la partiola 
nodal• eoaaonly knotra aa tba aba 11 aodalt propaaad iiy aiayar ' 
and Haxalf Janaaa and iuaat^ ^^'^t i t is aaauaad tiiat a l l itta 
nualaona axoapt ona forta an inor i oora tbat ax^rta a oollaa-
tiva potaotial Qn Iba prafarrod partiola* fba a la l ia part iola 
nodal t raat* tba partiolaa in f i l l a d aballa aa an iaar t 
apbarioal oorof and oaloulatas tba Qa%r§y lavala daa to 
intaraotioos of tba aaolaoa oataida tba oora* I t baa baan 
found tbat aaar tba olosad aballa of protons ana nautroas* 
tba aba11 aodol providoa an ejroollont daaoription of spina 
and partiolaa of tba l o v t y i n ^ axoitad stataa* 
rba traaait ioa probabil i t iaa for tba otfisaion of ganaa 
radlatlona wmr^ oaloulatad b/ Waiaskopf ' on tba baaia of 
sinigla ^iftrtiola aodal in abiob a siagla proton aaa asauaad 
to aaka a tranaition batwaan two aiui la part iola atataa baving 
apaoifiad quantua nuabars* Tba waiaskopf aatiaataa mmf 
radoaad to »ora raa l is t ia fora by Moaakowski^*^^^ wbo poiatad 
oat tbat tba transition probability bataaaa atataa of par t ia l ly 
f i l l a d orbita in laas tban tba oorrasponding sin^la partiola 
atatas by a faator B, knoarn aa tba "aanioriiy a tat ia t ioa l 
factor". 
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AltboiagHy ttio slMll ao(l«l o i^proaoti i» suoassstui ia 
•xplalnlng •any jr«atur«« of tii« prapttrUtts ot ttui iiuoitl 
in o«rt«iii r«sioay I t fa l l s to latarpret naiDr olhur expttri-
••ntal results sueii as ttis aa^nstlo nonsat in sous nuolsi* 
tbe quaiirupols MOMsntSf ttis prssenos oC f irst exoitsd stats 
with spin iia<} parity Z*" in efr«n<-iiirsfi auoisi aaa ttt« fastasss 
of tbo traasitioa prol>al>iliti«s fraa tlioss statss ia tiais 
rsgion iSo ^ A ^'idO and A ^  aa4. 
(l>) Unifisd .^odsi 
Haitiwater'^  ' obsorved tbat i f ttio oaolsl 9X9 assusMBd 
to Ds nonspHsrioal so that tbey tiavo poraaaottt spbsroidal 
sbfl^ sSf thea tbs aany protons in ttie auolsus oan ^iro larj^s 
vatuos of tbe elootrio quadrapote saonsnts* fUo polarissifi«t 
aotion of one Qt Mors loossly bouad nuolsoas on tiio rstBaiainil 
aaol«as» irtiioh i s tlis basis of tlis oollsotivs aK>dslt aalcss i t 
a nonrigid dsforawd systsa* fbs sxpsotsd ebaaASs in tbe 
relative positions of tbe sbell a»del energy lerels for a 
sptisroidally abided auoleas tvere oaioaiated by Jitlilsson % 
assuaing that tbe deforaed auoieus i s axially syaaetrio in 
i t s e^uilibriua state and found tbat eaob level of sbell 
aedel pieture splits into i /a ( j j • i> levels witb spins 
iC ^ j * vbevvK i s tbe projection of J alon«t tbe syaaetry axis, 
rbis splitting bas been plotted as a runetion of deforaation 
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p«riMtt«r p^  t wbioH i t tb« ra t io b«tir««a t&t aift«r«a«i« of 
th« fluijor and alQor axes of tti* auoiaut and tiia ararai^a 
aiiolaar radius^ H/ti^, 
Tha unlflad aodal of iloiir and ^otialaon'^*^^^ i raa t t 
partiolo aoUon and oollooUva da&raa of fraadoa in di f farant 
approxlaatlont for nuolai in ^^propriata ranions of ttia 
pariodie tat>la« Aooordiag to tnis nodalf nuolaoos nova 
Indapvndaatly of aaoh otHar in a ooattantly ohauAin^ potantiai 
anargy f i o l d , Coia^ariuji to tna taotioa of tiia individual 
nnolaons, thaaa ohangaa ara always slow* Itiis typa of oal lae* 
tlve motion of tna antira nnolaua is rasponsiola for tlia 
rotational and vinrational 9a%rsy atatas* I t i s found tuat 
tba onifiod iMidat is suooassful in ajqi»laining nany obsarvad 
nuolaai* nhenoa«na of daforoad nuolai* 
(e) Davydov PillDPOV and Uayydoy Hoatoyalcy Modals 
In tha davalopnant of unified aodal of Bohr and 
4ottalson « i t is assunad that tha auolaus possassas a 
parfaet axial sywMtry and gava a good aaeoiuit of tha rBi^a» 
l a r i t i a a of tha ohssrvsd rotational spaatra* Marty'' % and 
Oavydov and oo-^orkars"^"*'^^ disanaaad tha oonoaqusneaa of 
• io la t ing tha raquiraasnt of axial syawitry in avaa-avan 
nnolai* Davydov and r i l ippov^^ hava oaloulatad tbs aaargy 
statas and tha slaotrio and aagnstia traaaltion prohahil it iaa 
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for rot«Uoa«l l«v«l9 off ovoa-HBVoa iiaoloi, ttniuaiaii thmt %tu 
rotation off th* nuoiou* timwit plaoo without oliaago off tiio 
intrtaslo stato* Proa this tboory ono oan <l«toraln« tlw 
paraaotor y «^ wHiob i s a aoasuro off tb* doiriatioas troa tlio 
axial •yoMMitrjr. Hie valua o' y^ ^^» An affffaotiva raa^a 
*^^ Yo^ ^ / 3 . **or y^-Oj tue auoiaaa takai a pro lata 
spharoid shapo wtiila ffor y^« ^ / 3 tha abapa off tiia apHaroid 
t»«ooae« oblato« 
Later, Davjrdoy aaid i^oatoiral^ r ' ttava traatad tlia 
prottlan off oollaotiva oxoitatioaa Hy takini, iato aoootmt tlia 
interaotioas off rotations vitti beta and gmma, vibrations and 
oaloulatad B^  transition probabilitias ffroa tba diffffareat iow-
lying statas to ttia grouad atata aa aaii as to tba ffirst i* 
axoitad atata« It i s ffonnd that pradiotioas off this i»idal ara 
auooassfful in explaining the rotational levels off the dafforaed 
even-even nuclei» the large quadrapole noaents and the eleotria 
aonopole transition probabilities* 
(d) Core Exaltation Alodel 
V^r odd A auolei where the defforaation i s saall a HQf 
excitation aodel was proposed by i«awson and uretsisy^^ to 
desoribe eoae off the properties off the low-lying exoited 
states. Later, Oe«Shalit^^' exteaded oore exoitation oaJ 
lations in detail by obtaining the transition ratee and 
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P» strong, Plijrsw l l « m 89 ( i 9 9 i ) t9* 
4* U ^ ^Itv «&« l»M« 3«ii<it Taiil«t of Xatttmiil coav«r»iott 
•fiop]r«| (!f«rtli«4l9ltiM!td rtti»lt9liiag ao.y iiMtordmiy 1969) 
p* i039* 
9« !I«E* Ko««| •f«iil9« oir IiitorattI Qomrmrmioa t;««fnoi«a««"t (Nortti-4{oiiiHia Fubu»&iii« Co., iWutoraaM, lasdi, 
e« ll«C» tan l l f **fabl«a of coavoroion Coafiietaata"t i^ urdoo 
Uaivoraity Ha^ort coa*i480-i3f (19«7)» 
7, H,^« aacar and E«c» i^aliaar, Huolaar iiata fabiaai 
9* 0* DraftOttB. j|«C» ^auii aod r* SalUMitalar, tfuolaar l^ata 
fabUa Aft (ioei») aas* 
9« jr«M« Slat t and V*r« «alaaiiopt» "fHaoraUoai NueUar 
Fityaioa" {Jom fitlay 4 Joaof ^ . r , * 1953^ • 
iO« A«2* SoUvaraaaliild and ^AJC* wartHtrioat Ana* iiay« Naol,* 
soi«» iS (10«») 368, 
11 . K«S. Oraaa aail B.i^ « Bal l* Hitol, Inat r . aad ilatii.» 
3 ( i M 3 ) i3T« 
i3» B«S, Sali« *Atplia«» 0at*" i aad Gamia • Hay iijiaairoaeopy'*, 
<ifor««*«allaa4 waUU»him Co., AtutmrAmf t9U) p* fO i , 
13* A.Ocata, 3««r« fao, J . R . araaa» Nool» Ina t r . Matnoaaa 
•0 ( t33 t ) UU 
t4« f,i>. Navioa, p ^ a , i tan* T« ( IMO) 490. 
i t« f.A, Qr«»» antf M.E, «•••» i^^»* ^"i^** i i ^ (id«6) loa. 
iT« E*ii, aiiitroii iMd J« i«ii«s«r» PHyt* a«v»» lad (ii»S0) i39i* 
18, UC* 9l««tAliarii imd j^ viii* HOMg MY% Mod* Flgr«*» aft 
( i9«i ) ra9« 
19« 0« rr«iMMf«ld«ry Ami, iMiir* jiuol* ^ol»i a (1983) 139* 
a, rr«ii«iifftl4«r and H,M« nUiUu •mpka^^ ii«t«-« Mid 
ISiMM « H«]r SpMtroMOp/o, (ifi>rtli«iioll«a« FuMlfiang 
ao«t AMterdttH* 19ftS) p« 997* 
aO» .^. r«r«ats And »• adMAsmlc, AM4i«9^ a« U9S9)« 
31, a, UftOAbt P6ya« »•¥•» «3 (194a> 438. 
33* M,E« iiOMt iriirs* B « n t 91 (1983) ftlO, 
33. g«6« iirr» aad M«l», wi«d«iilM«kf Flixt, ii«v«« i l l il93i*i 
1931, 
34, l t , 6 , Macr«rt Fiqrs* ^iOV*i T9 (1949) 1969, 
^«G» M«r«rt WW»» H«v«, fS (1930) 33* 
38* 0« B«x«lt «l«E,i>«« <!•&•«» aa<l M,ii, Sti«»i Fliy»« U«v«, 
f 8 (1989) 1788, 
38» 0* S»s«t9 J*H*i>* <f«a»«a iiti8 u»&»* nmfBf 2* FiijralG* 
138 (1980) 398, 
3t« it,G« Mtr^r «•« 4»HmDm J^tumm *&lmimm%mtf TiMorr of )ltt«l*af 3trii4««ir4* iS^im wil ty, !!•« York, 1988)* 
a t , 8 , A, i l4»ik»wil^l ragra, i t«v , | 88 (1883) 474, 
38, i , 8«l«ivftt»rt r k f i , it«V,t f9 ( l9Sa) 433, 
SO, 8 , 0 , N l l M M I , l 8 l « Oi l i ta* V18«A4il, f^eJIlSk, M«t, f^S* 
l i«88, 39 (19#8 ) , 
3 1 , A, B4feir M 8 8 , 8 . i l4t««lt0a» iCgl, Dan, V14, )i«l»lc, AmU 
f j « , Ii48«,» 3T (1988) No, 18, 
33. K, Al«4tt A, B9lirt f , Ilkil8»| 8 , Mott t laon oftd A, WliiUMr» 
84ir, l i««, ff^«,« 38 (1988) 433, 
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Irradiation of •(•bio wliti n«utroo0 prodtto«« 
104 
• 4«4 oln isomr of * uu miiloli «l«o«ir« aaioly tqr itM» eMi«* 
•ion of gaoMia rays to tb* grounci vtato of * an. In tli« 
provlous iirr««tigfttioa« ' i t «•• oliterired that tb* a^ouia 
rays of enorgiaa ^ luiV| 93 ko«i^ t 77 k«v' and i? Ice^  aro 
a««ooiat«d la tli« doooy of ^^^*H6, fti« j>«ait at 2a k«/, 
prosont la tb« goana ray apaotruuii was iatarpratod «• tlia 
rhoditm K, xnraya produosd daa to i;*int«raal oaav«r«loii of 
sa ic«4^  traaaitloas ' from tUs 4«4 alu laonsrio stats* ihm 
gaaaa dsoajr SOUSM of 4.4 ain Mb i s shoim ia f ig . {i}* 
Wo aooarats laforaatioa i s avaiiablo rsgarding tas 
i t i4 tovtr iag Isirsis «f tbs doubly odd ah, liowsTsrt tbs 
bal f - l i f s of tbs 88 ksV and t»7 ksV isvsls bars boon ••asttrsd 
by Da foit and Bolliagsr \ hy tbs aatbod of dslaysd ooin* 
eidsasss bstwssa tbs bigb sasrgy prsai^t -rssrs and fta bsv 
transition* la tbsir asasursnsats i t i s assuasd tbat 
5a ksV traasitioa ssnss froa tbs f irst sawitsd stats of 
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Ah «iid flM provpt Higii 9vmr§y gtumm r^ jrn «r» oiio««a la 
•ooh • vajr that th«/ IOOM at l«««t 4ua IcaV of i t s •B«rg|r 
in thiok pla9tia aetatil lator. fha iraluaa of half*livaa 
datarainad by this awithod eaa tia In arror tHraausa of tha 
following raaaoii« 
iritait a nautron ia oapturad by "itb to iorm a 
ooapouad nttalaiia i^^i^blf i ta aaargjr of ajKOitatioa ia 
around T lioV" (raf* 5)« and nany high anar&jr ^aaaa ray 
ara obwarrad, fha axiateiioa of aoue lov->«aargy naawia rara 
of aaargy around 5a kaV aajr oaaaa ooiaoidanoaa hataaaa Ihaaa 
gaaaa rara and %iam high aoargy giiMaa raya if ono aoftioya tha 
taohniquas uaad by Du foit and aoilin^ar* Coata^tteiatiyt tha 
ohienrad half*lifa of 83 ka^ laval ia tha oo^osita baif-
l i fa of al l tha lavala which are raapoaaihle for tha aaia** 
aion of low-^aargy gaowa ray a having aoargy around 93 ka^ * 
If any of thaoa lavala hapi^ oaa to hava a oooparahla l i fa 
tiaa aa that of firat 92 haV taval* than the itaaaurad valua 
of tha latar aaat ha inaoaarata and farthar invaatigation 
ia aaadid for this laval* 
la our axparinaat tha half-lifa of tha firat axoitad 
laval of ^^ H^h ia naaaurad, fha 4,4 abv^ '^iOi iaotopa waa 
produoad hy irradiating ^^hm hy alow aautrona and tha 
dalayad ooinoidanoao wara raaariad hatwaan tha 77 ka^ and 
9a kaV gaaaa r«yt. 
for tiift M««iitrMMat 9t tli« l i« l f« l i f« | « oonvvatloaal 
tm»t»»l9m wtmi^m% •rat«M iao«rpor«Ua« • • U r t - a l ^ t 
UM<»to«9alM btiftiit ««iiT«rt«r (oafgc 43TA) wtm ti««4l» flM 
radtatl«it aliiolt taraftaataa aa tlia laval alioaa l ia l f - l i fa vaa 
la im aaaaitra^ «aa f a i ta Urn a tart aliaaaai and tba raAia* 
tion tluraacii alii all tlia lavat 4aaar* «*• '^i^ ^ ^^ * ^ 
aliaaaal 9t tiia t&«a«>ta«<i^ ttlaa liaislit aaavartar* in tHa 
praaaat axpariaaat tba faraar ratftat&an aaa dataatad i a a 
0«5 a« fMak i^laaUa aaintll latar aad tlM otiiar ta 0»$ as 
thtok !ial ( f l ) arr*tal altli a baryllitiH aloiiav* Batli ttia 
aalatil latara vara aaoatad an ROA 99tOA pttotaaalttpUar 
tttiMa* M ORfeo aadal 4at alaraaaaonft Aaliy a^plifiar aod 
aa Oiifto aaAal 439 aaaaaaaaai daligr unit vara aaa4 ta par* 
fara tlM ttaa aallbratiaa af tka ar«taa aitiali wr* ia tara 
aaliliratai aitii kaaaa laactha af NiUI9i/u ialiM^ aaklaa* 
f ia ra&tai l l i l r *f ^* M t ap aaa ahaakaA ^ w*' 
aaaaariag aairaral aal l kaaia aaalaar iairaia* turn 4ata vaa 
aaAaaatatai ia a( Naalaar data) t i t alUMaal aaalyaar, fiMi 
fraapt ttaa apaatras atetaiaat vitii tida aat ap ia aiiawa ia 
fli« * Jilt •dttTM «M i^ rodtMwd b/ irraAiftUBg • i i f f i« 
eient oaotiat of 99«etr«soopieftll]r j^ ore ^^%ii (ioo^) ii»ar tiie 
oor« of *^«rii*t ii»ft«t«rt frtmba^^ aoabtort £adl«» u«foi*« 
Ki ««««gr for alioiAt a Mtttuto* »» Hi^t tli« 4*4 M O ooUvitr 
«f ^^^Cjm sig^ satMiiilo* flioro wtm no ovidoaeo for aor otnor 
eoiitoniitftUoa* fHo »Mipt« WM ttoaiiUtf «t tiio ooatro of tli« 
t«o eottatoro* 
riM oiagloo opootriaa of tlM goMHi ror« ««• oto09rir«4l 
vlt l i Molifl) errotftl of otso 1«S« Oi* K !•»» tHloknooo. 
i^lg* (a) oliowi • tniieol Ojpootriiit of « « M M rajro ototoinod 
froa tuo Aoooy of ^^^ "^^ ^ flM opoelrtaa eloarljr ia<tio«Uo ^ 
«ho oxtotc^MO Of ao lco¥ (jc r i r l t ia icoV» aad 7T k»y 9««li» 
«a4 to to ooaslottfuft «ltii tHo «o««r ooHoao propo««« kr tlMi 
oorllor woriwra*"*% 
Xa tiM «ooor of ^^^^^, tlM T7 koV gwaio ri«ro froa th9 
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tit tov i«««t !• to ••tMi««MM fAm mm §9 wf wmuumfi^^K 
fftt tr«t««t 1—iPt1»» •# «M l i f t ttwi • ! l i t S i IMV latfttt 
wm y«riN«t« »r aslt tUvf M «iMffir Tt fetv« ntiac tiM t l t t tU 
•MaMit MfttrM't i w tto stori • • w U r ••4 th« st IMV f«r 
tiM • ! •» fNHmtor* iitiio* no •«i«r ««fta«taiNiM i i •iia«nr«« in 
tut* • M r i r r«gi»st fro« tlM « M i f * r tli* 4*to ^^^l i» • M t r l * 
tiatlon of ratftatlm othtr tluui Vknw of tatorool « • • prmU'^ 
ooltf aoro* 
fbo 4ot«ro« eoiaoidwMt i|^o«traii ototolao«» «tlor 
ootostraoiiiig too boottirowitf i » OIMMI im figoro 9 tog«toor 
vltn tli« |iro«pt opovinni of ^^»h» fHo l iol f - l l fo is tfottr* 
nifiod br oiotyolfii too logoritoaio olop« of ito tol«ro4 
ootaoldoaeo f^KMitnto* A tooot ^^mgpm f i t to to» toto ytolilotf 
o voliM of iiotf*llfOt T^/ji • « • • • o 0.tQiio for too Si toV 
tovot to '^'^'^ft too r««tttto of too oorlior OMtf tto proooat 
Mooooroaottto oro gttott la t i ^ o !• I t ooa to oooa tooa too 
t«bt« toot oor voloo lo good agrooaoat alto tto valaa iao to 
Oa Toll oad toillagar^\ too ototloflao off oor totoaffaaoai 











fVlayed Coincidrnce Spectrejm of fhe 
S2 k r v level of lO^rrij;^^ and ihe 









**^ah sa a*6 • o.a (f) 
fta ^»^^t ^*^^ present aaiuiortBMMii 
flM «9t«l iiit«riial«fioav«r«ioii «««ffi0i«At for in* 
sa Iwif trwtstUoa baa boon wmttrnfA Igr soUtMiaolior^ ^ to b^^ 
o»tt • 0»4i» A««or4iiig %o tiit r««itlt» til* sa IMV •%•%• 
d«o«r« to tiio groisitf olAto vt« oa B|^  troaoitioa, Oorroo* 
pondiitft to oar MoMurod imlao of holf»lifo and tho ropertott 
iatomal ooavoroioa oooffioioat tlM 9a koV &^ troaoitioa to 
found to bo rotariod IQT « faotor of t d ^ x i o • 
flit lov Ijriag toi^olo of * lUi oon IHI tatorprotod oa 
tfao toooio of tHo olioll aodol^^. fhB odd protoa la ^ ^ m 
(4Stli) ooa liavo tho ooaflcaratioao Pw^t §7/2 '^^ ^ itf/a *'*^ 
tbo odd aoatroa (Sttli) oaa liavo tlio eoaftguratioa ^^/n* 
TlM 1 * irowid otato of ^^tth oaa IM duo to tao ooafiguratioa**'^ 
( ' t /a* ^ / a ^ * *^** ' * f i rot oaoltod atato oaa bo duo to tho 
«oiiflgiir«t&oii ipg/ft %/z^ ^"^^ ^ * tMr4 a l«v«l OMI IM 
du* to tli« •oafifiirAtloii ( i f /^ t ^ / a ^ * ^ ^ <^ ^ iaoatrie 
• t« t * eaii ^ •xpinlata &gf t&« ooafiiiiaraUoii ic^ygt ^ / a ^ * 
0« tiM bMi« ot tii««« •9jififtiir«tioaa» in* &^ Irwisitioii 
frott iii» f i r» t •xotiod •!«%• to %bo fronnil ttafto is ^ • 
fortolMon* Suoh tronaltioat aro voiy auoa slowett down 
In eoi^ p«r&«ea mltb tbo oiaflo |»«rttolo oatimitoo* 
2 6 
21 
U w«0, <lor«oa, J««i* Cork mnA S*ii« Biarsoiit Fta3r»« it«n 
00 (i»S3) Ma* 
a* Q*A* 8«rtliol«Miia and tt,8, miisojr^ can. ,f, p^a« 31 
(1993) 1033* 
a* «!•&• or«p«r» riir«, tt«n i u (itfSd) aea. 
4* ft«0« Qr««Bwoo«» P^»« »•¥, 13» Cl963)t 339* 
8* K*0» Qr««iivoo4, PUTS* ft«V, 139 (196a>f dift. 
e, II, sotitiMoii«rt 2« purs* iS9 (i9ea) eo» 
?• s ,J . Dii Toi l aaa i«,3l« aolliiift«rt f ^ « « il«v. 133 (19S1) «39, 
8* ti»w, MordiMlm, a«n Modom piiy»« aa (1981) 332, 
0, U«&, ar«aii«a and A«il« B«riist«la« 9hf^ tt«¥, 130 (1900) 9aT. 
28 
into *Cf bfui !»••« * attliittoti of gr««t ini^fiist to MOQr 
irorlcor* • fb« f i rs t oaorcy lovol aolMMi of ^^*ao «•• 
profo««<l Hf Coric ot «1»^' viiieli ««• o^taiaoA frow tlio oo»« 
vorolon olootroii ttoMiiroaoBto* TIM iatoraiUl oonvoroioii 
•tudioo of f&tlljr ondi ftoroa^ «ho«<i^  * largo mialior of troaoi* 
tiono vi tu tlio lovoto At onortios 7i»d ItoVf ia9«7 IMVI 
i33«9 koV, 3tS«S koVt 373*8 l»Vt 884*8 lcoV» 8i9«8 iMVt 
888*8 ktV mA iCNk8«8 koy* Uoiag oinilor tooiiiii<|taoi tHo tovol 
•ottoao IiMi 8ooa fttrtHor atodlod br aoroa ot al*^^ aai 
Haooolgron ot at* ^ flui prooontly aoooptod Aoaior ac^ iMao lo 
•hoim la f ig* ( i ) * 
f^o opia and parity aooignaoata to tHo lovoio of ^^ Co 
havo iMHia wMlo oa tlio iHUiio of iatoraal ooavoroioa oooffioioat 
•tttdios* goaaa rar iatoaoitr aoaoaroaoato aai log f t iralooa 
of tho olootroa oapturo traaaitioao* Soat aoaigaaoatt of 
opia aa4 paritr h&n aloo iooa «a8o aoiag tho iaforaatioao 
gatlMroA froa tlio kalf«»lifo aoaoufoaoato oa8 aagalar oorro* 
latioa otodiof* Tailo i aliooa tko valaoo of tlM opia aa8 
5£.9 
zee 






































*>r V?" ^^ 
riitertiiiiftiiii 
2 9 
««tliiir«* 411 •x««lii«ti«a of tbi» t*bl« slioiM ooasii«r«lil« 
tfit«fr««a«iit Ml rtgards tii« mila AStlAMMiit* of OOMO lovoto 
In ^*^0o« iii«4<|Vlo« anil iUrltcoa*' aad XMHaso^' iiavo 
•saignod « «pia and parity of 9/i* to mo tao ftaV laval* 
Kally aad noran \ froa lataraal ooavaraloa aaaaiiraawiiat 
hava aaalgoad apla valuo laaa tbaii ^/Z* lo t ^ a laval vbaraaa 
lioraa aft a l » ^ aatf Mora raoaatlr Kuoarova at al« ^ pre^oaaA 
1/3'*' or a/a*^  to tHa aana iaval* fHa alaatron «• gaaaa aai 
tba gaaaa • gaMsa * oorralatlon aaaauraaaata of gaa aad 
Ooboa ^ ataggaatad aa aaalgaaaat of $/»*' vUlla Faotwar at al«^^' 
provldad a aal^fia apin aaalgnnaat of | / 8 * to tHla dao kaV 
lav^alf iron tliair gaa«a<-ga«aA aagoiar oarralatlon aaaaitra* 
wiata* Sladlar iMaauraaanta of Haaaalgraa at al» ' aad 
stiira at al« ' alto au|»port tiia aaaa aaal||,oaant to tMa 
laval* iioaai^art tiM Msgalar oorralatloa waaauraaaat of 
49d«ia4 kaV oaaoada ^ Maagal at al«^ ' favoura aa aaalgoaaat 
of 3 / a \ Slallarlr tliara la iiaoartalaty about tha •pin 
aaalgaaaat to tha aid k»V laval» for tiila IOTOI JCally aad 
Horaa'*' auggaatad a probalilo aaalgaaaat of a/a^ or d/a^ vlilla 
Maagal at a l«^^ aufport aa aaalgaMoat of 8/a'*'* But 
Koran at a l , * ' K^dakaav at al,^^^« ilaaaalgraa at al«^^^ aad 
Stayta at a l , ^ ^ a l l faroar a spin aaalganaat of 8/a^ to tbla 
taval* In vlav af tlMaa laooBalatanoloa» tha gaana-gaana 
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••Maata «»r« p^rfrmA to find Urn •pin of tao koV oaA 
ai« koV loTolo. Tho iiulllpolorlUoo of tte » » koV aai 
404 koV fiHM* tr«Hiitioii« mem aiao ••t*t»lltiiod« 
fiM gMMM rojro woro ob»onro4 l>r « pair of 1^ ' ^^  
Mill ( m do too tor* pttreliMod froA aoroliow CHOMIOOI CO* 
Tiio eiTotolo woro optlooltr ooi^lod to tito datfa |^ lioto« 
«ttlttplior ttiboo uoloft DOaaa oiliooa o&l* ftoo ofyotol 
eiHio Olid tlM Migftotlo okioldo iforo proporly oortliod to 
oiniMtoo tko •ptirlotto oouato* 
* * ' MmSMMmmJBBtmAMAMJUbJm 
f«o l&Moor OMpliftoro of tko trpo UA^mim noro 
pvrokfttod fro* fildorodo Klootroaioo Corpor«tioa» U$A« fkooo 
•kpliftoro oro dooigkod on tko pottor* of aaMi*^ 4ioa typo 
kOkktookiiii dooklo Ilko l lktkr yiiloo oo^llfior^^^ fkoy 
•••opt tko AC t« t l •kd p«If«k oad k«vo tko »««i«iw § • ! • of 
ddfOOO* M • •p l i f ior of tkl« tTfO ooavorto tkoao kC t * t i 
oad piilfloi Iftto pooitliro roflootioiio. fko ptirpooo of tkio 
dooklo dirforo«tl«tiOA lo to ollkiaato tko k«oo liao okif t 
•kiok fokorolly ooowr* %m tm no ooopliAf aotwork irtiok tko 
pof l t i v * area i s not «qu«l to tlio noft«tliro wtu TAo tb i f t -
lug of tHo tapat v l t l i tbo 4olar Itaos aatea i t a tno ioa t at 
h l ib aoaatiag rata** i l i ^ a r gain* good a t a b l l i t / t «i<io gaia 
eoatrol raBgo« good l i a a a r i t / at a l l gain aottingo and 
ooaating ratos and low nolao nako tha lyti^lifior a auitabla 
inatrtiaont in aoint i l la t ioa apootroaotry* 
fh9 mapliti^r i a alao aoooapliabad aitlbi a B«<»id *irp9 
diaorittiaatort vtiiois aeoapta tiia poaitiva pttlaaa of tlia 
aapli f ior* Tba raquirod pulaaa for thia diaoriainatojr ara 
approxiaatoly 0*9 o aeo r iaa t i m and i»a u aeo pulaa «idtli« 
Tlio l iaoar aaiplifiar providaa tlia propar polaa aluipo for tba 
O-iS diaoriadnator, 
(o) WHita Catltoda Follo—i' 
fHa input pulaaa of tbo linoar ataplifiar JU4 dauB aboald 
bo long t a i l pulaaa (i^proiciatttaly iOO a aao at tba baao of 
a i lbar polar i ty)* fik^wm pulaa raquiraMata ara aatobod iqr 
wbita oatboda foltowara^ • fba output iapadaaoat 200 obaa» 
of tbia aatboda foilovar alao aatobaa » i tb tba ii^^ut inpadaaoa 
of tba aap l i f ia r , fba output of tbaaa oatbada followara baa 
•iaiWMi noal iaaar i t r i diatortioa and noiaa* r i g , (a) aboaa 
tba oiraui t diagraa of tba oatboda followar along « i t b tba 


















































vftrtttti«K •€ ciM ft imgmm •§ • i i i i i » i ip to mm i t#i 
aiiMiMiil • ! j|#0 m. miftMtiijtiiiiHii ttiafitroatt-iiMPa ffMi (MgnMM* gmMnifir 
SSMflPiNl OMrtMNli tUMiM#i SSttftt ClMMMl VUlitlMl WMNl ll<iVHl SIMMMI 
ffew oirpuit illacriMi of UM ««iiM}iapiie« dirouit timid gm 
•hopa In r ic* (3)« flip attgptlvp o « l ^ i piaspp fron i l l * UmMm 
•tt l i l tf iprp ««r« lavprtpH and pppltnp^ | f « tiiiftlp tulM aa|ili«> 
f i p r , Ttiesp i>ulp«« pre tttpn po^loyod tp tf^i^ipr tk» pulsp 
ptippins oiroultp. Vbp pbapod pulppp porp fpd IP IHp urid of 
dBHO gpipd liPPB ooiooidonop lulip^^' ttiroutH « oatiiodp folloppr 
I N M orjfptAl dlodp, fbp tpo oiiaiia«].p in tup ooiaeidpiiop 
oirouit pro pxpotrly oini lpr oxoppt p varipisip dplpjr io oup of 





















0.08 ja MO* in wmmm wm apill u^m&Umm twMHi ir tit 
ditfbHI' Ittwte M A M M Att t l i t t CUMBIMA VMNI MUMyt fllMMMt ttf ft 
t«l«« akipiir M i IkMi % f l f i ! • i i « i l i < H r p^rlA • ! t i t t i n 
Mat ^ «i« • • i M l i t M * «li««Ai wm m% •fM«l ! • a<r« 0«a|» i M 
i«r a i l M t t a i th» trtiin • ! t i» iii»«t p«lM« M i l ^ « f t ra l l « i 
i « i Um 9t ik« — I t l i i i i i i | M « l i wm i t i t i i i r t M 9 w i M 
• H a ^ i M M Mt iMi « i i • ! • • i r l « t r» i i« l« i mmm i v l i f * i s « M I 
fm mgvAmr oorr« laU«i a i M l f f i i w i f wtHf « i i f f i « i M l i 
••piortm !«• Md (fii 4«iMiw« liMNM iliiiMiM ii«» mm 
sour«« oan b« •liwiittd* Ou» H Um t l M t i r i «•>• Iffpt f A M i 
at a d««lr«a dlstaaec «liil« toe oMwV « • • « • • i l i i * tMvatoU 
t a a horlsoatal plan*, at tHa awM l i ^ i i i j i l fft«« Um aouraa 
aa that of tHa foniMir. fha aaurea to^  i l f t t a l distauoa i a tha 
praaant axparlsMat waa aat at 0 oas» Wm aouroa iu tiia 
li<iui«i torm waa al»taiaa4 fraa t l i i imii9§m i^ivialoa of tua 
BfeiiAiha Ata«l« Saargx EatablioiuMiBtt Tro«bar» Bo«i»ar» iadia 
















































and • wi d«ptli« fli« ioure« viw plM«d at tiM point of i a t » r * 
s^^tioIl of tiM lucoi of tho two <totootoro, fHo ota^loo ooiiat-
in f rato of tbo «ovabl« datooter vaa ttiSs»tk a t various aagloa 
and tlia oouatiag rata waa found eoaataat* ftat ooiaoidanoa 
ooitAtiaga ««ra raoordad at f iva nnftlea at ma ia tarval of 
32*5 dagraott aaoh batwaan m dagraaa and isa dagraaa* fb* 
eteaaoa eoiaoidaaoaa wrm 'ahfrvn^ aaparataly for aacii oaaoada 
and aitbftraetad froa tlw ooiaoidanoa oouata of tbo raapaativa 
oaaoadaa* fba aoaraa atrangtb vaa ao obooaon tbat tba trua 
to obanoa ooiaoidanoa rat io waa quita bigb i n a l l tba aaaauro'** 
aanta* Tba trua ooinoidanoa data wara aaalysad br tba Uoaat-
aqaaraa f i t * aatbod of ttoaa ' to f ind tba oorralation oo* 
off ioianta and tbair root aaan a<|aara dairiatioaa* fba aa^ari* 
ttoatalljr naaaurad oorralation ftiaotiona bava baan furtbor 
eorraetad for tba f i a i t a aalid angla» aubj^taadad lay tba 
dataetora and tbaaa faetora wr9 tiOEon froa tba otunraa of 
Fraaaafaldar and staffaa % Bafora tafcioK^ tba actual aaaaura** 
aaata of tba angular oorralation i n ^ ^ O f tba aat up aaa 
taatad for tba aaiaotropjr of tba iiT0«i930 kaV aaaoada of ^ Co* 
( i ) U a a t Souara F i t of tba data 
for tba datarainatioa of tba angular aorralation 
aaaffioiaata* A. and A^t Roaa*a aatbod of laaat a^uara f i t of 
tba data waa appliad* fba ooaffieianta c<. abiob ara tba 
3 7 
•o»t probalilft iraliMs for tiM gUvn drntm^ «r» ototaintd trom*^' 
£_ ^ , ( _ A - ^ - ^ X ' ^ a ^ j ^ - M"-- (^) 
vti«ir« yU| i s tli« iior«al&s«d eoiaoidftai»« oounUn^ raUi$ w^ 
i» tbe •tatittlOAl Might at«aob«<l *o ^ ^ for a fix«4 U«« 
ot . . « . « « «.a ^ , i . ..» >«• i , . . .^ . .o^,«^^ or .«» 
aaglo, 'RM norBfttisatloQ of tbo oquaUon (1) givoo ' 
tsrhero / i s « rttanlng varial»l«« By solvtag Ibooe ttiroo 
•quAHoasi^  tbe tluroo uiUmoim variobloo c^^f o(>^ moA oC^ oan be 
evatuatod* Patting thoso valitaa In tHo oxpraaalon for tHo 
angular oorrolatlon fimotlon 
w( e ) • 1 • Kj^V^^Oib) • Aj i9^^9se) • • « « (3) 
ttto loaat aquaro flttad ourro oan t>o ootainoa. 
>^^ ) Calottlatlon of Srrora 
In tHo oalottlatlon of tlio ooafflolont of aagttlar 
oorrolatlottt arrora ara vary inpoirtant* THa a/ataaatlo 
%rrbf la %hm aeafflolaata ara oaloulatad Hr tHa awtliod of 
Roaa ' iialag tlia aquation 
-\<>.) - St "^ '^^ 
'^ |c| 
«lMr« <S~ 1« tut iitaii4(urd ll«rl»Uoa «iiil C i s a aatrtx dmSiamd 
G mZ oJ A 
Whitrm v i a * diafoaal aairlx aad A l a ilia traaapoaail aatrlx 
of A. For firm aoglaa <lAta| v and A ara givaa W 
bJ -
180) a 0 0 0 
0 tf(l8T«5) 0 0 0 
0 0 W(198) 0 a 




f'"" ^ *" Pjl i^^» 1^^) P^ (Uoa ISO) \ 
/ t o (Caa 187.9) Pjl (caa 187.8) P^ (Coa 197.5) \ 
Pa (Caa 198) f^ (Caa 198) p . (Coa 199) 
\ P9 (caa 118.9) Pjl (caa 119.8) P^ (Caa 119.S) / 
\ p a (caa »0) p j (caa 80) P^ (Caa 90) ^ 
3 9 
i t i 
i 0«?81 a«34i 
i 0.39 * 0*406 
1 • o.asi • o.ose 
1 • 0,50 0«d?9 
(ft) 
I I I «(iUtttioii (4> C>> iit t ^ eofaotor of A A ^ •isMvat nf 
thft tfftttraiiiiiiit | o) ftii4 sf i » tiM r«si<luttl ir«rl«iie« of 
tlio loat t sqacra f t t fod oonro. I ft i s doflaod toy ttaio oquaftion 
sf - r V " s "i'«! -»i'> 
vlioro « 1» tb« nuMlKir of datft points sad r i s fttie niuibor of 
Qosffioisnts. H| i s tlis obssnrsd ootinUiig rafts aft ftbo i * 
posiftioo sad N *^ i s ft&s tsssft s(|ttsrs fiftftsd oouafting rsfts* 
PiBsllyt fttks ossffloisafts ssa us wriftftsa in ftiis fofw 
ht ^h 





TiMss sftisftioas f ivs fttis nosft probsMs Ysltiss of A^ sad A^ 
for ftlM sxMriMaftsl dsft*« 
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Fig. eTT'-TfANGULAR CORRELATION O f (832^ ?16) keV CASCADE 
±94 
if X a<* a l M M«l ( f l ) orrstftl i s tJiova in fi«» (» ) • Al l 
tte« « • ! ! Imovii ^vaka ar^ pr«Mttt l a tii» •paetriun* ^aergy 
ettllDrtttloa of itio siiootroflMtora voro nado bjf Uio •trong 
taiy t94, 310 and 373 kmV troaoltioas proooat In tbm »oitr«o 
«• nol i at Iqr tha ataaiard aouroaa (^^Co and ^^^CaK Va 
aaaaiira ttui aagular oorralailon of turn oaaoadiaa 93S«»aiO km)f$ 
ilia window of ona of iba alogla eliaiuial aoal/aara «aa aat to 
aooapt 216 kaV paak vltis aa 9uar$y raaga of aa3-3ai» kaV viilla 
tba 833 kaV gaMva rajr vaa aooaptad i n wlda otoaimala* Ilia 
dlataaoa of ika aoaroa frott tfiia oryatal vaa 0 oaa* Stm aola-
oldanaa data vaa takan at f lva aaglaa^at aa latarvat of 23*8 
dofraaa^bataaatt 90 49gf9 aad 18a Aag^r^aa* A laaat a^uaraa 
f i t to tka oscparlaMmtal data waa aada to «( ^^  ) « 1 <i> 
A^ r^ (Coa e^  ) 4> A^ r^ (Coa e^  ) fotloalaft ttta aathod of 
Roaa^ * Aftar applying ttoa f l a l t a aolld angla aarraatloaa 
to tha dataotorof tka aorratatlon fimotlon obtalaad l a 
W( ) • m o , 388 • 0.048) Fj^iCaa ©^  ) • 
(0.020 • 0.a«9) p^  (Caa ^ ) • • • i i> 
f i g * (8) 9h9w a plot of tiM aagalar aarralatloa fuaatloa 
ff( e^  ) varana 9^  • 
41 
fli9 v«liM Of tli« ««rr*lfttloii oo«ffioiont olit«iii«« 
io oiir MtMursatat &• aliglhttr MfHor tUMi «lio«« r«pori«4 
Ky Olrot* •% mU^^ antf iCiiodBliiMV «« al«^^^ but « I O M to tlio 
voltioo of iliiiicol o i a l * ^ ^ ' «o« tho vory rooont •oooturoaoiit 
IS 
of Sturm ot « l * Yoblo a fivoo A^ oM A^ voifioo •» Moootirod 
by difforotit workors for ttto eaooado a3i«»ai« ko^* 
fiOilo « a 
A^ and A^ voliHio for tbo oaooado 993*316 ko^ 
Autlioro A» A. 
airoot ot «t»^^ "• o«i8S * a«uaa o.aiti • u.oad 
lioBgoi ot «i«^^^ « a«33& • o.oid if.(H>i> • o«a3T 
Kbodsiioov ot oi,^^^ « o«iif ^ a.o&d « ii.aad • o.uao 
stom ot * i * ^ ' ^ « o.aaa • o,oai » a.ooo • o.aa* 
rrooont Moottroaoiit * O.aaS • 0.049 0.031 • 0*037 
H M OI>1« MMI jporltjr of tiMi groiiMl ototo of ***c;o 
lo aoooiirod to bo 9/3^ (rof* 33 «ad 33) • Froa tbo orato* 
aatlo troad of tbo oaorgjr aoparatloa botaooa tbo 1/3^ aad 
3/3"^ lovolo l a o«i*A TOf Xo aad 8a lootopoOf tbo «roaad 
atato apla aad parity of i /3^ bava booa aaaltaod to ^^^BtfK 
fblo baa booa eoaflraod by fartbor lairootlgatloao of 
kt 
RMiMtir«ii %% «1 , ' on tli« l lMiii of lof f t iTAliHi ooiiti<t«ra* 
tioa of ttt« «I«otroii oaptur* d«o«)r to ttio i34 fctV 8/3'^ 
oxeitotf iit*to of ^^ ^Co« TtM 1048 kotr lovol i a ^^^ao i s 
popttlatod tturottgli oloetron oofitttro itooiijr f r o * tiM grouiidi 
. f f .f '>H., ^ti, . i.« (t »u.. .t «.!"'. m . 10. 1% 
f t value of ttio elootroa eapttiro traaoltloa for iu4d 1M^ 
oxoltetl atato VBA tba prodonlnoat )k^ aatura of tba groiuKt 
atata tranalt ioa'^ of ^^^Ca« froa taa i04S ka^ aupport a 
unlqaa apia ond parity aaalgaaant of 3/3^ to tblo lavai« 
Tha poaalbla valaaa of apin and part t r tQt %)am ai9 ka)^  iavai 
i n ^^^Ca hava baan l l « l t | a a to Zi'3^ or 9/2^ «tK <teliy and 
Roroa^' froa thair iatarsal/ooaffioiaist atudiaa* falciiift 
8/2 and 3/2 aa tba apiaa and pari t laa of tba grotuid atata 
and i04a kaV taval raapaotivaly and aaatiaitis ttia ^uadrupola 
aoapoaaat of tba aid ka^ tranalt loa to IMI laaa tbaa a^di aa 
dataralaad fegr aaaaal^raa at al.^^t tba axpariaantal valaa of 
h^ i a inoonaiataat with tha tttaoratioal raaalta for 3/a'*' 
aaaignaant for iba 3i0 kaV laval* ttanca tlia aoat probabla 
apla for tbia laval ia s/2^ for vbiob tha aapariaaatal and 
tbaaratiaal valuaa of A^ ara aoaaiatant* tba aaai«tt»aat of 
8/a to aid baV laval i a i a atraaaaat « i tb that of Maagal a t al ,^^^ 
r i i * (T) abava tha graphioal analyaia of tba oorralatioa 
faaatiaa ia taraa of S/a( i ,a ) d /ad^a) 8/a apia aatiuaaaa, 
Tabittf Q, • .024 for tba aid baV gaaM r a / t tha fal lowiat 
valaaa of %^ ara abtaiaad fraa f i f . (T) i 
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F ig . 7 Anylys is of the ( 832 -216) k c V Cascade in rcrmb 






Out of ihea* en* loiNir ir«lii« of quttdrupolc ailaULxtur* 
i s r«J««l«d on ttt« bMl« of intoraitl ooavortion ooolfioioai 
data or Xmliy and iioraa ' aad daaaalgraa ot al,^^^ fliua ma 
quadrupole oontant of 83a kaV gaotta ri^ la iT4 • t4i;/»» i'iiia 
ia In aftraaatnt vltti tba Intarnal ooavaralon data^'^^^. 
(b) Aoi^ ular oorralattott of 404-216 itay caaoada 
THa 404 kaV and 310 k9\f paaka aara aooaptad la narrow 
ohannela and tita oolnoldanoa oouaUnga wf takan at flra 
anglaa, l . a , -io\ m s"^ \3s\ ^si-s"^^ iSo" 
Aftar applying tha varloua oorraotlona the angular oorrala-
tlon function waa found to IH» 
(^ © ) • 1 - (o.ioa • o.oie) Fj,^ uoa & i 
• (o.uaa • 0.019) p^(aoa ©^  ) • - - • (»*> 
full oorralatlon funotlon I t In agraaaant wltb otnar 
•aaauraaanta aa ahowo In tabla 9* rig. {$) aboaa tHa plot 
of tha angular oorralatlon funetloa varaua e • 
fabla » 3 
A2 and A^ valuon tar tha aaaoada (404*aid) kaV 
Aiitliora A» A^ 
Star* at at»^'^ - 0.117 • 0.004 - o.OOi • o.oi« 
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• 
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e —^ 
Fig 8 a^-a^ ANGULAR CORRELATION FUNCTION OF 
(404-216) kcV CASCADE 
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TiM iui«igiia«at of Bfiia mad fi«rll;r of tk<» ground 
•Uto of ^^ O^o If f$/i*f «o dloooosod ia oootion 3U;« tiM 
potoiblo TttttM of tpln 5/3 for tho 210 koV^  lovol also has 
liaoa aaatgaad ta tb« aaat aaoUoa. flio aoacuraaaata of 
latoraal ooavaraioa ooofflo&aat and tlia valua of log t% 
(l«o» 6,3) of Iho alootroB oapturo traatlUoa faodlag lo 
tho 830 IMV laval laava tHa poaalblllUoa of (&• apla and 
parltf 3/2* aad i/a*^ tor tula loval. But tba ajQ»arliMialal 
valuo of A^  Is looonslateat wltJi %U% spin l /a asslgaaant 
wben ono taints tbe spin 9/a for both tba grouad stata and 
216 icaV lairel* Usooa tba 9/2 la tba aoat probable spla for 
tba 630 kaV leval* fhls Is la agraaaaot vdtb tbo assl^ ^nfitent 
of Undqvlst at a l , ^ \ Uaaklns^^ Son at a l , ^ \ Mani^ al at al.^^ 
and iCbodahaav at al« ' but In dlsagraasMamt wltb tba assign* 
•ants of Faebnar at al«^ « uaaaslgraa at al*^^^ and 
Hturn at al». ^ Fig, (d) sbows tba grapbloal analysis of tba 
oorralatlon ooafflelanta In taraa of tba spin saquanoa 
3/3(l ,2) 8/a(lta) 8/3 tatdLng an adalxtura oi 2*4)A ii^ la 
316 kaV traasltloa^^'* It raqulraa a quadrupola adnlxtura 
Q| ^ 0.01 or O.M ^ Qj^  ^ 0«)I8 In tba «a4 baV gaaaa ray. 
tba lowar valua of tba quadrupala adalxtura la ralad out on 
tba basis of tba Intaraal aaavaraloa data. Tbus tba nixing 
ratio far tba 404 kaV transition aoaaa out to ba (92 • 6)^ 
e^ aad (3 • «);(M^. 
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3« J . i i , U«skia«t AHQMA - f r« iC3a , Nu* H lk»5tl. 
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IS. Moody* lloiNill and ta^lin, a^v, Jol , Inatr. 2a iit»51) 
997. 
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20. ii,&» HOM» Fhy». H«if. ^ U993J dia, 
a i . tt» rrwi«iif«ld«r and tt.M. SWtfoat 'AlpliA» aatttt and 
0«Hitt«>R«y sp«otrosoapx^'«dit«d Hy IC. £il«gii«li«n (Nortti 
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AM. Ptiys. Soo. ^ (itfSft) 343. 
C i i A r s & a ^ lY 
A mv fWO Mill ACflVIfY lit ^^f«(ii, Xi tUACMOK 
of ^^Sto i s quit* iaooaploU, fw li«lf«liv«« of «,«li owl 
t i aia li«vo Hton roporlotf br Oropoolqr natf Ortli^' in tboir 
•tndy of ^^ S^b Hot* dooor* Koooalljr, tHo i l aim iooaor of 
** 3b hfto iMoa lavo»Ugato4 ia ooao do tai l by HoDoaatd aad 
klalatkoc*' aoiag a otitaioatly oojparatod aouroo obtaiaod 
froa tho fiaoioa prodooto* la aaotbor otudr br X^rmk^' ttio 
dooagr of tho 8*9li stato diio to ^^Sto vaa iavoatigatotf* f^ or 
tlio i i nia aad 8. da otaloa of ^^Jb, opiao of $* aad aT aro 
aooigaod froa tho ajrotoaatio ^^  attadr «t lovolo* 
Croao ooetioa aoaauroaoata for taooo two aotivitioa 
aro aloo availablo ia tho litoratoro'*^% Altbotiga Maoaaa 
aad Sobtal ' obtorvod a aow t«o aia aotivitjr ia tbo proooaa 
of boabardio« aa oarioliod ^^f« iaotopoy aitli id«i MoV 
aoatroat tiior oould aot aooifa tbio aotivitr to aar of tbo 
poioiblo roaotioao. Tbo proooat work vao aadortakoa to 
dotoraiao prooiooly tbo oroaa oootioa of tbio aow two aia 
ao t in ty oa tbo baaia of tbo aoaoarod oroaa oootioa for tbo 
pro4ti«U«» of i i Hilt f9m»r %m ***Sb| to <«Urala« i to %mA 
point oatrgr of tlio 1Mto opootrita onA log f t v^oluo oorroo* 
poadtag to tho IMto <ioo«y of a «&o ootivitjr oaa to idoatlfy 
tlio iootopo niileli io roopoaoltilo for ttilo two Mio ootivitjr* 
For protfaelng tHo «otiirity» 14»i MoV Aoatroao ooro 
. l>t .d. .d f r o . t h . ^ (d . . ) «B. r .«>U<» kr k.. l>.r«i.u . 
tbln t r i t i u n targot (obtoinod froo Moflio^olioaiool Coator, 
AmrmhaMf U»K«) wltli a i3C> KV doa^oa boaa of tiio Cookereft* 
Waltoa aooolorator of our laboratorr^S A dou^oa boaa 
ourroat of ^ 9 0 / M vao allovod to f a i t oa tlio t r i t i u a targot* 
Tho aoatroa jrtold aao ~ iO a/aoo* at tlio targot* fHo aaaplo 
to te Irradiatod ( i a tHo fora of poador) aao ualforaly aaad* 
altoteod iNitaooa two tliia ootlaloio tapoa of tidlolaiooa 3 ag/ 
2 
oa oaoh* Xrradiatiooo aoro oarriod out at taa out aida of 
a l>raao baaltiag of 0*1 aa UUioinoott to H I IOM otnor aldo 
tHo t r l t lot t targot vao fiamd* 
For tlio iavaatigatioa of tuo aroat*»oatloa« tlMi 
aotiirit lao prodaaod ia tlM oa^plo vara follaaad long oaoagte 
uaiag aa oad aiadow toota ooaator of a a« diaaotor witli a 
aiea aiadov of i ,9 ytv^ /oB • fka kota ooaator waa kopt i a a 
load lioafo harlag thiokaoaa of 13 ea to roduoo tho toaok-
ground* 
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fo ctiMtr tilt iMtft •^••trtMi « i*8 OM d i « i m t mm 
thlok p l « t l i « •et i iUt l f t t«r aoiwUd «» ihnioail •a ia piia««« 
• i i l U p l l « r tttlNi « M as«d l a eoiij«eU«« witu « i i a •haiuitl 
•iiftlr»«r« In thiB 0M« Also M t a U l l A t i o a ataa « • • proytrljr 
• iMi ldtd ^ lw«{>lag i t i a a laad li9ttM« 
(•> Craaa Saatioa il«a«itraa»at 
A aaopla <if O.oaoa ca of aariotittf * f« twotopm 
(93*09$ aarioHaoat) olitalaod froa OalE ftiilga MaUoaal iiatto* 
ratory «aa irradiatad tltrao Uaatf for a a ia i ta a ia aad 
ona lioar aad tlM iMta aoUiriUaa wara followad i a aaob «aa«» 
In a l l lliaaa tlirao rnat of d l f faraa i Uaoa of I r rad ia i ioa i 
i t io foinid that tho arota taalioa for taa two aiauta 
act iv i ty raaaiaod alaoat aonttaat a i t l i raapaat to tbo i i aia 
aetiirity of * * ab« l a ardor to ooafira tkat tlia aawly 
aktorrad a aia aot ivi ty io aat dao to tiM Mial l parooataco 
of ^'^fo proooat i a tbo ^^To aaaplot aa oarieaad (tOa ga) 
* '^ fa aaaplo «aa alao irradiatad witli i4»a May aoatroao aad 
ao %ata aot iv i t r oarroopoadiaf to a aia WM otooorirad i a tlitg 
aaao a i i a l aloarly altoaa tliat tiM two aia aotiirity boloaga 
to t io fvaiaat mi i rradiatad ***ro aiaao tHo porooatago af 
a l l atftar iaotapoa proooat i a tho oariaiiod ^^f% aro a o « l i * 
giUla (alMft « • I tradiatod a afeaviaallr part aataral tallttriiiB» 
50 
a ftlA M t l v l t r eoiilA h« oliMrrtA hut It « • • T«iy w««kK 
^ i ( * ( i ) tlivvtt thm tf««ir oorr* of tii« b«%« i M t i v i U * * i n 
lb« irr«di*t«tf «aapl« «f ***'T« «rii«a tit* l l«« ftt i r ra i iaUoA 
I c 10 aiflittl*** 6«ttiiUai of tii« Mt iv i l j r of Urn oMplo 
•tiirtod 30 ooo* «ft«r tlio irr««iaUeii« Tbo i n i t i a l oot i * 
v i t ioo dtio to 2 aift «tid i i «iit «tro obtaiood irom Uf <liiH> 
intogratiott ounroa by ttm loast aquaro* «atiiod tmA aro 
abona iit f l c * ( i } « 
fanio * i 
Cxpariaiantat To(iitp} ^* Si» roaetioa oroaa aoatioaa of 
i i Ainy 6*Ob aa<t a aia aotivit ioo* 
Autlior 
Frajooti la tioMitarod oroaa aaotioaaittb) 
oaariir 
(MovF ii «ia 
Braoako at a l * ^ i4*3 
Httoaia and Xiiroda®^ i 4 * i ^ . a 
t i 
Hm§9am aad Sotigai ' i4»S 
fraaoat aaaauraaMiat i4»8 
M^iO a«820,9 
i,Oj;0«i i * 320.3 
8 4 * 4 
34^ 4 * ) 4»HT 
a) Froa roforanoa 7 
Tlia oroaa aootion for tn* aav 3 a ia aotivi ty oliaarYod 
i a tlM praaoat iavootigatioa waa datoraiaad ralat ivo to tko 









































t U s tr«»« • • • t ion iit«iar»<t I r Alfftr«iii vorletrt* v« IMMT* 
t3t»p—m M • 4 iil>t Ht««ttr«4 in • !» ltlt9wm%9Wf Igr a««««i MHA 
s«lig«l t «• ^ ^ pri»«rr •tiaA«rd ia <i«ttraliiiJig tut oroM 
• • •U«n for Hi* a «la Mt iv l l r * 
Sli* ratio of itto orou atof&oas for tbo a aia aad 
t i ttitt aotlviltoo ««• obaonroil for difforoat tiao of irr«« 
diaiioas of tlio oaoi^ lo and aro liatod i a tatoio a* fiio orrora 
•j^ oaa ia t ^ i o 8 aro aaialjr dao %o atatiotioal orrora oo^patoA 
1^ tlio loaiit aqaaroa aothod frow ^ointoiraUoa ottryo»(fif* 
(1)) ana aae to tlio orror in tuo aeaamroaoat of t ^ oroao 
aootioit of tHo i i aia aativitr* 
TabXo • a 
Tlio oroao aootioa ratio i <^9 a ia / c3-ii aial for diffaroat 
tiaosof irraAiatioa* 
tiao of irraAiatioa ' **"^ ** * * • 
a aia i««a • 0*44 
iO aia a»i9 z < *^>* 
1 tar z*U • O.ar 
MiMMIM 
K 2 
thm «r«rtg« ttlm of « l l tlM r«U«« giirsa i « %«lil« 8 «•• 
talHHl. fakiiii 34 • 4 sH us Hit • r * f» • • •Uon of tlM i i •&« 
Mt iv i t y ivt olil«iii*4 • ttCLm of 49 • iT an M U M crttts 
•••tlOA for Hi* a Mitt M U v i ^ * flMi tilgti VAlvui of orooo 
gootioii (es • 1,9 an) roportod lir Brsooko ot «l«^jf«jr tii« 
l i wis ooUirltir Mr be Awt to ilw ooaniaod of foot of tlM 
I t Mill tmA 8 ttin Mt iv iUoo • • tHor ^anrt &<>% ro«olvo4 iiio 
two aiti ««l ivitr &tt ^^Sl>« 
M got—r«r aoootrim 
flio l t t « W9gr tpootriitt ««• tokoa idtb * i»S « i dion x 
i o» tliiole plMt lo ooitttillAtor «iid * 918 oHMiaol Moljroor* 
Tlio roUobllity of tlio M t up to m»tmwc% tho l»ot* •pootrini 
wM eiiookod and o«llbr«tod »•&«« tluroo knovii iiot* i f ootra 
(*%0t ^^r& and ^^^1) ond 9X— bgr taw feoto at^ ootroM of tiM 
9*9h aotifltsr ia * $to» flM data for tlM Mta a^otriui of 
tlio 8 nia aotlvttjr wao aoqairod ia Vm aoaoty of tao MCA 
for two aalf*l ivoit oao via aftor tlio irradiatioa* tao 
ooaato dtto to tiM i i aia aad otlor aatiYitioa (tofotaor 
«ita tiM baokgrooad) proaoat ia tlM roaotioa frodaota aoro 
•aatraotod froa tiM aoaory for tiMi aoat tao iMlf^tiToat 
witaoat diotaraiai tM» oaaplo froa i ta origiaal foaitioa. 


























fii»(3)f >'*•• till* Mw «iii pMai laigjr M l i t ! •«• iim# 
ftiiiiiif !• iMto iMitir iMMi Mm i|£i^«t «*i tw tfet a n* 
t# iip MMitw U MfUMlt «Mif I t l i t tttifnam «t 
i.MHMMitt t t e t M l i M aiMMlt 1^1 llMI MMMUlldLt VMHt iWi n r t t l l l i i t 
^ ^ ^ M k HMMMNyP* A MmtMHl t t t itillAf • # ttUI aMMHI MHlHiMUl 
(to Ito ligM tt mm fPtttKlSif t f i P t i tffvtt tttiiwit 
6i» 4t f iff tff ttt a Mitt ttturiirl ^f aiiftPtfti r t t tntt t 
•f ait ttaigHMi tf Hit a an amiKiir it ttvitia atttiittt* 
lioii^ ^^ M at^ a wm$ m» i t t i a ttaat ttaiii»^^ ttv 
^^.in. ^) '>'3» MtHis I . o.fB . 0,0a 1.^ . aat i«»ttita 
vAitM Of in* ***ft (•»<<> ^•'Sa MttHis i t iitai g o»oi lit 
for itio 9mm •Mrgr •§ ||» atittrott*^^* at tatifnaial ia 
inri i i labl* for thm orooo tooUon of ^ • • f t ^ « | * * % » • a« l 















.E 3 **-1 ° o 
— 
O 
t> ^ •<t 
u c T— 
^ E 
t J 
flO. L o 
D o 
o 
^ F " 




w •^ 7 — o 
' 7) —^ 
>. c 
o > 
c ^ u 
< 2 J£. r o 
/ - o z 
3 -O 
^ o g 
• / (E 
^ U) 
•" > • / o z 
t- ZL / — o UJ 
^ O • / -o U- D • / 
fO 
« CT* 
u. o o 
o 






«ti«i m aktar§ 4*«rMM« ••aiirt in tUm tot«t (at x ) wt— 
9—tfm ia til* ir«gioa of a«tttr«a atniMr TO, a« «lit«rv«4 
hy MaJiMMIar nadl Oli«tt«ri««^'% iSxtri^olatioa of ta«ir otinr«« 
itr«« « iralii* «f total (a«cK) oraaa aaatioa laaa tiiaa 1*S ab 
for tho **^To* ftio low valtioo of tao orooo oootioao for 
(at Y)$ (at ap) oaA (at<^) roaotioao ia eoapariooa oita our 
aoaourotf vol no of cTa aia « 49 • i f ali iadioato tliot tao 
aoolgaaoat of tbo $ aia aotivitjr to aajr of tao abovo rooo«* 
tiono i« vorr iaprobalilo* f t aor ^ roaorkotf tiuit tteo (at p) 
erooa aootioa for tao rogioa of aoatrea aaaaor rOt at i4«t MoVt 
to of tito orAor^fov aillilK6t>ii«**'« WitH tliooo oboorvatioao 
tbo oaly t m otitor i^oaoiliilitiot aro (at da) aad (at p) 
roaotioBOt lAiooo oroso oootioao iunro ooaiporablo valuoo of 
tbo proooatlj^ Hoaoiirotf valao of ^ aia « 49 • i f ab* 
I t io aoll kaooa tbat tbo OBoviy difforoaoo botoooa 
tbo iooaorio otatoo of tbo rooidaal aaolouo of a roaetioa io 
vory oaall* Coaoidoriac thio foott oao oaa oofl^ o^ro tbo 
aoaoarod oaorir *i tbo bota opootrua of two aia aotivitjr 
ottb tbo aaaiiMia foooiblo oaorgioo of tbo kaooa bota roro of 
tbo (at ! • ) «a^ (at ») roaotioa produoto aad obtaia ooao 
i ioa i*oat tbo aotaal roaotioa tokia« plaoo* fbo oad poiat 
oaoTiT #f io«a WW dao to tbo dooir of tbo a aia aot ir i t r 
ia fo ia i to bo t . td • O.ao lloV« froa oar iavooUgaUoa, 
Slaoo tbo aartaai oaortr of tbo botao dooairiai froa tbo 
5 3 
p««tllil« MsigiUMnt viiieli taa b« glv^a to «ii« a Mta M U v i l r 
! • ^^r« (lit y) ^ Sli rsMiUon M i tbiB M t l v i l y Mgr b« ««• 
t« « ••«»ii« Ismwrle t t * t« tn Sb • Xt i« to b« ttOt«« titat 
the otf4«*««d antiiKiasr auoloi iunriaft %«• isoaarla stsi t t «ra 
not imeMMMiii. 
f«]>l« a aboiw tiMit Hi* ratio of ttoo orooa aootioao 
kotvooa tlio a aia aad 11 ala a e t l v i ^ la ^%ii raaalaa 
•oaataatt vitlila ilia •xparlaafttal. arrorat tor 41Xforaat 
tiao of irradlatloaa* l^ roa tUla i t ay^aara tbat tiMra io 
ao iooaario traaaitloa iMtaoan tlia 11 ala aad a ala aetiiritjr* 
Aa aaaalaatloa of tlia doear sottoaa of *'*^m aaggaato 
tHat tHa UU ^Q*9Q MaV tootao Aaoior to tlia tiltiiljr axaitoA 
•tatao of * To aad oao auot axpaet aoao gaaaa ragro iaaairiaf 
to tba loaar larala* Xa tlio proaoat lavaatlAatloay no aoultf 
aot otosarra mar gaaaa ragrof prolwblr booauao of ttia tow 
latoaolty of aiolatagratloa rata* 
Xa tlM tfoaUjr odd * * S% aaoXoaa taio lov^lylaf protoa 
oai ko olthor la $^t^ or d^/g atata «mxa tlia loa^lirlai 
aoatroa atatao aro li^w^t d ^ ^ aad t^/^* Aaaordlat to tiM 
ilordkola*a ralot a ^^la aad paritr aaoigaaoat of • * , d^^ *^ 
(tir «oalc rala)« a* or i^ (by atroag ralo) la poaolMo for tHa 
ISA •• 
tZ*4A froiMiA t fAl* &A **^fl^ i * iMviiMi spill and pwrity • 
(r«f«r«M« 14)• On in* te»i« ot tti« slMll «o4«i eoa«i<«r»» 
tl«atf P«li«r^*^ liM proyOMtf titat a l l l«JM|«liv«d •l«%«« is 
iae-isa^,^ r t i a l t trmt a ( "A ^ / ^ t i) * * i i / i^ aoaXtguraUaa 
with apia aad parity •*» Oaataqooatlyf ilia 9»m atala ia 
*^*8I> hat Maa latarpratad aa 9~/iterak^*^®^ fba aatignaaai 
af S^ to tiia i i aia alata ia ^^Sli (raf . i ) givaa a aoati* 
garatloa (7^ if /^* ^ ^3/3^* ^ * aaaitaaaats of •** aad 9^ to 
tba i.eii aad i i aia a lata ia ^^'sn abov tbat oalr a low 
apla atalo oaa bo aaaigaod to tbo a aia aetiiritr (aiaoo 9** 
<#• lata 
and 9 ar« tbo two bigboat poaaiblo aplna for *^sb aa 
diaooaaod abova)* fba oxpariaoataliy aaaaorad groiaid atata 
apia aad parity aaaattraaaata of tbo '••'^*'*^$^ iadioata tbat 
for tba odd«iOdd aatiaoar aaalai tbo aaatroaa mf aitbar ia 
^ i l /a ^^ %/Z *^*^* 'f^* aoggaata tba aoat probabla valao 
of a" or i * for tba a aia atata of *^*Sb* 
la gaaoralt tbo grotaid atata of tbo doubly odd aaalai 
bappoao to bo wttb low titia valao aboa difforoat ooafiiur*-
tioao aro paatiblo. For oxaaplat tbo grouad atata apiaa aad 
paritioa af tba ****-i^sb iaotopoa ara i*", a* aad 8* raapoo« 
tivoly aarradpoadiagU -r^ dg^ t^ a) *3 / j ) f (7^ g^^ j^, >) k^j/ , ) 
aad {7: ^ / g t ; ^ ^ii /a^* altboagb bigbor apia atatoa ara 
pooaiblot I t oaa applioa tbo Jfordboi«*a eotipliag ruloa to 
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tU9 •tftf pmitAt 9mi oM ««tttr<iii» (for U M M Aiiol«i alao 
til* |^r«t«« •%•!•• mf 1^#g maa g^/g and tJMi iMatroit •««#•« 
ti»8 «• ««a«ltMl« tli«l a Mia ••t i irtty ia **^sb any Iw 4ii« 
t« tlia groaadi aftat«« 
mitn tlia fa«iUftl«a of tSm eyolotroa boooaoa «ratl» 
abl« la ta<Ii« wm «c«io ploa to atiicQr tttia two alatito 




1« B,il« Or<Mi»«iqr aad C.J , artli» <j* Inorn* iluol* Ctiaa* 
34 (19«3) 1303. 
(1$»71) S3e. 
3. A, ltor«li, Nael« Vtty»» Aias (it»73i 4»7, 
A, Karttk and 0, itydli«rg» l»roe* Xnl, Coair, l^eysin (1970) lOiO. 
5* J« BrsoAlcoy P« ^•oovskl «ttd *^ Ailti«lifiJt» ifuol, l^ tajrii, 
45 (1963) 87», 
d» jr. Braoskot f« Dvoowniat i^» si«»k«4)i«niiit «ad 
«^ Wilholni, Nuol. Pbys, 74 (li»65) 43S, 
7« S.^« HMsaii, i^ti.^, 7tt««ls \1971>, Allgarti ataslia 
ilniir^rtltyt AUgarlit india (Uaput»li»li«di, 
d« 0* fiaaaia aad i^ .K, Kurodat liuol* ftijra, Atl4 (itfdi) dS3« 
9. C.S. lUittraaa aad a»S. lianat lad* ^. rii/a. 33 it»9d> 6«» 
iO« 3NL-33S (19dd)« 
l i , J.F« Barry I Froo, riijfa. ;soo« 74 (i^S9> »33« 
13. if.iC* 4aJUMdar and A. atiattarjatf Jluol. FHya* 41 U9d3> 
193. 
13. A* Chattariaa, Nuol. Wky* 60 i l9«4; 373, 
14, ii,K MiQrar, w,B, la l tara aad H i^;, liaiaal, ifuol. 
Pllfa, A187 (1969) 99S, 
l i * G*S» Ortli» B»<l, 0ropaakr aad M,J, Fraaaaa. fkya. uav. 
C3 (1971) 1403. 
16. i*.K. fafear, Oaatrltiutlaa ta ma 30th iiavlat Maolaar 
^—tW9§»9pr Caaf,, Laalagrad (1970> 77. 
¥li« gromitf •&* ( • «fi<l liw iirmt mmclUtA 9%A*»» of 
«l«o«t a l l tli« •••it'Hivva atMltti lt«r« •pins and fioriUaa 0*" 
aad 3^t rvtpaatiY^aljr* Vli« traaaiUon trom in* f i r s t 
•xoi ied stata to tlio fround atata of tliaaa avan-avaa aualai« 
lying iMitaaan tli« otoaad aitallaf ara often iiuoli fastar tban 
that of aiagla partlola adall aoAal aatiaataa* tuiu t>atia» 
viaur aad tHa oliaanradi larga a laetr io quailrupola aonaata 
i n tha ration aaar A • a4» in tlia ragion of nautron d a f i -
oiant Ba and Ca iaotopaa* in tlia region froa A • ida to 
A • i9g (tha rara aartha) and i n tha ragion of A :^ aj4 (tha 
aetittidaa) iadiaata that thaaa aaalai ara <lafonM4* fha 
gafomation af tha naalaaa aan aaoor dua to tha polar i i iag 
aation of ona w «ara loaoalr haand nnalaoaa on tho ranaia-
ing aualaaa and thaaa laaaa naalaana nova in a olovly 
ahangiag nan*tyhariaal potantial* fhia dafornation in tha 
thaiia af tha naalana laada ta aallaotiva nodao of axai ta-
tioao* ftohr and Mattalaon^**^' introdnoad thia aallaotiira 
•aiSal and oiiaaaaafollx gnva a good diaaription of nanr df 
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tli« properU«« 9t l«iw««ii«rir »iiot««r stAtts im tHa 4«fonM4 
r«floii« 
M«or«ii i i to tM« tto4l«tt tii« iia«l«u8 far «iF«}r froa 
tiM «lOM(l t l M l l * lM«0«t« ll«»t«tlltt lUldMr in* iafllMIMdMl Of 
deforalag for««t dm t» aMQr | i«rl iel«» outtida tti* oloMd 
• I w l l and a t ta ia i aa aqull lbriua d«for«aUoa of ax ia l l r 
ftymmtrie tbi^po* f^ or saeli auoloi tae oollaoUva aaiioa 
Mparatas la ta roiat ioaalt yibraUoaal aad siaglo parUo l * 
( In l i r ia t ia ) midaa. Tho roiat ioaal aoda of •xoltaUoa 
oarraaponds to tao rotation of tlio aueloas ia ttpaoo alHiut 
aa axis parpeadicutar to tiiair aala of ajrwMtry. fh9 
rotattoaal opoetra mtny IMI « « 1 1 aadarotood ooatidoriag t)»at 
tho ttolltativo rotat ioaal aetiaa af auoloi 1» a ia l lar to 
tlio ratat&aa of a •jriMMtrio top a i ta taroa oaattaato of 
aatioa !# Mf aad IC akara I i a tHa total. aa«aiar aoaaata«» 
M ia tiM projaatiaa af X aa tba apaoa fixad axia £» aad iL 
i a tiM aa^pMtaat af tfta total aafular aoaaatua alaag 
ajnaaatrsr axia %** a ia tka aallaatiira rotatioaal aagalar 
•oaaataa aad la parpaadiealar to tlia araaatrjr axia* fiia 
aagalar •aaaatwa aaapliag aaliaiia for tHa daforaad aaalai 
l a aiioaa i a f ig * i* I a avaa«avaa aaolai tHa groiiad atata 
haa I • K • 0* flM ratat iaaal toaad atart iag froa taia grouad 
atata daa to tlia aTMMtrj prapartiaa of avaa«avaa atraatura 


























f l i i t m9r% 9t • • • r g / l«v«l« *r« knowi tm gr^uad s la t * r o t * * 
lA Iht tluiory of ualf i«4 aodtl (eoll«etiv« aod*!) 
of Botir «a<l Mottol«oa*'« tbo auolout i s «oa«l<l«ro4 to too « 
djraaaio i f i t o a vlitoii ooa porforn ofiall oooiliatlono alioat 
fho doforaotf otmiio* Tlio auoloar otatos tliua foraod duo to 
tboao eotloeUv* toi l lat iono aro doaoriliod as (tio vl l ira* 
t ional apootra. Aooording (o tlia aaauaad aadaliy ajraaolrlo 
•liapa of tlio aaotouf tiio vibratioaal asoitatioaa aro olaaoi-
f lod lata two typoo ' t oae i s gaaaa liaad aad tbo otaor i s 
toota baad* th% oxoitod atatos goaoratad duo to a auoioar 
surfaoo wavo arouad tbo aysnotr/ axis aro oallod 'gsoaa 
•i l irationat baad** tboa tao auolous paasos iato « i oxoitod 
statOf tbo siki^o of tlio auelotis otian^oa oausiaii a ooatriftigai 
strotohing duo to tho iaoroass of iioaoat of iaort ia* fao 
osoll latioas oorrospoading to tao iaoreaso and doeroaao of 
tho doforaatioa aaiatainiag axial syaaotry aro aalLod *lNita 
vibrational baad*, Tbo gaaaa vitoratioaai baad baa & <• a aad 
tbo bota vibratioaal band baa IC « 0* 
0afrdoir aad oo<»«orkara ' bara eonsidarod tbo ooaao* 
<|tiaaooa of rolaxing tbo roqairoasat of axiat ajraaatrjr i a avoa-
ovoa auoloi. fbojr bars oalouiatod tbo oaorgjr lavola aad tbo 
trsasit ioa probabilitios oorraspoadiag to tbo rotatioa of tbo 
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iittol«ii« witliout may oiiaiig* of i«« i i t t«ni«i t tatc* M99r4img 
%9 l l i ia ttoil«li tH* •qui l ibr iua mk9§9 of %h% auoloii* I s liico « 
tr iwcial oll i faoltf and I s dstsraiasil ttjr ibs two {isruMslKirs 
Qo '"'^ / • * ^ ' t t ^ 9 i * ^ « AsforMsUaa i^orsMStsr sAd y^ i s lAs 
non-sxisliijr psrsmiisr whiob Is a Msasurs of dsvftstioa fro« 
tits axial synmtiT* WIISKI thsrs is a dsviation froa tits axial 
syoMistry i t lossrs oao of tbs priasipai aowMits of i a s r t i a 
and inorsasss tbs oilisr. coassitusatlyt ^^ auelsiis rotatss 
about tbs axis v i tb tbs largsst aossat of iasr t ia * 
A) Oavydov and Hostovslqr ' bars trsatsd tbs itroblsa of 
oollsoiivs sxoitatioas ttf takiag iato aooouat tbs i a t s r -
aotioa of rotations iritb bsta aad gaaaa vibrations* fbs 
traasit ioa probabilit iss froa tbs various low lyiag Isvsls 
of svsn«svsa aaolsi bavs also bssn sstiaatsd by tbsss worbev i^-
Xtss fl^rstsaatios 0t &„ transition probabil i t iss for 
2^ — ^ 0^ groaad stats traasitions in svsa«svsa aaolsi i a tbs 
aass rsgioa 150 ^ A ^ 199 aad A :>^  334 bavs also bssn studisd 
br ssvsral aatbors * • froa tbs stadjr of tbsss systsaatiosf 
attsapts bavs bssa aads to s]q»laia tbs largsr gMma rajr traa* 
s i t ioa prsbabil it iss bstwssa tbs rotatioaal sasrgy Isvsl* 
fbs sxpsriasatal a^ - - ^ 0^ trsasitioas ars sabaassd by fas tors 
raagiat frba 90 to 300 as soaparsd to tbs siagls part iols 
sstiaatsSf i a tbs abovs asatioasd aass rsgioa* i t i s also 
kasstt^'*^^' tbat tbs traasit ioa prsbabil i t iss apprsasb tbs 
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11) tiM «lo««4 alivtl r«(ion, COICHM *' HM obMrv««i that tli« 
•»liMio«Mat fMtor F (wHteli 1» tli« r*tlo of (ii« Mq^triaAaial 
traacillOB prolMitoiUU«» to tbiil prodiotod by siaglo parUolo 
o*ttn«t«) i t MpproxittAioljr oqual to fli^**^« vboro a i« « 
eottttant wid g io tlio onorfjr of tlio transitioii in ilo/» flM 
•tiidyr of tlio ofotoMitio iwbavioiir of E^ traaoltiono t»y 
IS) 
Grodtins ' teM oHotMi ttiat tlio produot of oaliooooaoiit factor 
r ttsd ttio onorgr ^ ( la MoV) of tbo tranoitiaa i s aoarly oqual 
to if* ilowoirort la tor oiq[»«ria«ata ' tiavo provod taat at 
least for aoao oaoei F jc £ io not a ooaotaat bot obaoi^ oo 
eonaiderably* runic at al.^^^ hava pointod out tbat tbo 
prodiaot of tHa raduoad traaaitioa probability B(IS!^ > aad tlui 
oorraapondiag anarfy of tbo traaaitioa li. i s a oonotant for 
Nd, Sa» Odi Of aad Hr auolai bavii% aa avarago valuo of ad» 
aaaaatly* iti^pat aad Sobgat^^^ obtarvad tbat tbo valuo of 
F daaraaooi t<^adttally vita tba iaeroaao ia tbo valuo of aon«» 
axiality paraMotar y^* But «o far ao attoopt bao booa aado 
to aoapara tbo axpariatatal traaoitioa probabilitioa froa tba 
8^ grouad atata ratatioaal baad ( f irs t 3^ oxaitad stata) to 
tba 0^ greuad otata vltb tHat of tba m (Davydov-Hostovsky) 
fbo systaaatioo of tbo &^ trwisitioa probabilitis* 
froa tbo 8^ atato of & « 3 vibratioaal baad to tbo 3^ and 0* 
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titmf off %h» gfvmA BlmUt rotAtloaal hmA HAV* b—a •tudi«d 
•ad e0iip«r«4 ipttli I I M «irall«bl« •j(p«ria««i«l v«la«e fear 
Qri tor la and Avoliaa* % D«aa«r at a l « ^ ' ann «iaao«aa aad 
Stalaoa^^' far •^m* aaolai i a ttoa tfafforaod raftioa uaia« 0¥ 
(Dav]r<iav-#illyi»air) aatfal* may bava obaanrad^ ' tbat laara 
HrJL. 
arataaa dltarapaaaiaa bataaan tHa axparlaaafta aaa/aoa<»axiai 
tliaory Itka larga iralna off Uia traasiUoii proaatilllty r a t i o , 
BCSgt a* ' — ^ a*>/ i («^i a** —*• O^). tiara a** rapraaaala £ •» 
vibrational baad aad a^ and o^ r%prmB»at X « o« ground atata 
roiat ioaal t»aad, Upla fto«| Hfi aodal rat io off tita abova traa* 
nit ion probabil it ias baa aot ba«n atudiad aad ooa|»arad witb 
tba ajEp@ri«aatal rasulto* Also ao ootaporiooa bao baaa aado 
batwaea tba ajj^arivaatal tranal t i oa probabii i t iea ffroa tbo a^ 
atato off tba saaaa vibratioaal band to tba ground atata 
rotational lavala and tbat off tba UH. aatiaato* bi tn tba 
ineraaaad avai labi l i ty off roXavaat axparimiatal data ffor a 
largo ataibar off avaa-avaa aaolai« i t i a iataraatiag to atud/ 
tba or aad m aadal traaait ioa probabil it ias and to aoapara 
tbaa a i tb tba aiiparimintal valuta* 
l a tba ffirat part off tba praaant iavaatigatioa U a 
aaatiaa a) aa bava atodiad tba variat ion off tba rat io bataaan 
tba aa^ariaantal traaaitioa probabil i t iaa ffraai tba a^ ground 
atata ratat laaal band (ffirat a^ axaitad atata) to tba si* 
ground atata aad tba aaM traaait ioa probabili t iaa off m 
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••4«1 vitii til* ii»ii««xiftlitr prntmrnUr /^ or Uf tii«ory» 
for til* A%t9ram^ •v«ii<-«v«ii aiioloi* tb* VAIIMI of y^ w*r« 
t»lMB froa tiM work of VartiiAl wA DOM^ '• ri««« (3) aad 
(4> allow tko vorioUoa ot tuo oooiro ftrooaiUon protoooilily 
rolioo v im tiio Motttroa ntiaHor, M, oad proton niuilyort ii» 
roopootivoly. 
In tbo tooaod port Ua oootion 3>t tiio syotoaotio 
Iboiioviour of tHo rodltiood tranoftioa prolioOiiity ratios, 
BtCg, 3** - ^ a*)/i(Sj,» a^' ->- o*), of i** oaa mi Umory oan 
tho oaao ratio elitaiaod froa ttio oxporiaoatai rosolto aa¥0 
beea iavostigatod mm a ftmotion of ttio aoo<»a3iiality paraaotor 
y^« For ooao niioloif i^ero tbo re«|Uiro<i oxporiaoatal iafor* 
aatiotts aro avaHabtOt «o lianro alao otutiioa tHe variationa of 
BCE ,^ a** -^ a*)fi^y»Ua. a*' -^ a* v ^^ «<S» **' "^ ^^^.ap/ 
»(Ej, a** -^^*>oii • • • '««otio» of y^» 
Ifeo a^^roaaioaa for tko f i rot aad aoooad a"** oxoitoa 
loirola aro flvaa Iqr*' 
»(t • y t • * ata* (f y^) 
e (a) . L - ( i ) 
^ a t t t 
vli«r« T « i vfitb tli« alaua algft oorr«spoiids io tli« fir«t 
3^ •xoii«a •iat« and ^ « a vltli tti« pla» slftii o»rr««poaa» 
to tbtt Mooiid 2^ cxeiUd stat** In faotf for y^ « ^ nt 
obtain tha anargjr lavala oorraapoaaing to axially ayinaatrio 
ouolal of Bohr aad nottalaoa. 
fbo W ffiodal alao pradieta ttia tranaition probabi-* 
l l t l ea batwaea tba lov l f tng rotatioaal atataa« fba raduoad 
alao trio quadriapola traaaition probability froa tba JTirat a*** 
atata aad to tba o*^ f round atata ia givaa Dgr 6) 
* 32 A 
3 « a ^iia'ia y^> 
V W 4^ai»( i y^) - • - u> 
:aa.>^ 
and ft^ • i*3 X iO*^' A^^^ a« • - • - * • • - - • - . • - . • (4/ 
la axpraaaioa ( 3 ) i ^ ^ ia tba dafarnatioa paraaatar* fba 
aqaitibritM dafarnatiaaa ^^ aaad ia tba aalaalatioaa a«ra 
tiriMb froa tba iiarb of i^» and Sarnnnabi'^% oorraatad by 
Marablab aad itaanttaaan^''. fba vaiuaa of y^ vara takan 
fron tba r0t%r^mtt9 i9 aa aaatiaaad praviaoal/* 
fba ganaral axpraaaioa d«ia ta nwrrdov and Koatovaiqr 
for tba radaaad n^ tranaition prababilitr bataaaa tba 
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o a l U o t i . . . U f 1 and f i.«> 
A__ X |<-f/a2mh>l 2-
wli«r« « | and aj. «r* ttio ia l t la l and tJLaal MiaiMira of 
polfirlaiAUoa •tftt«t of tlio itaol«tis aad q,^ It Itia w^ ** 
oonpoii«iil of t6« etaotrlo qiiiidrupol« »o»0at« In porUouiar 
tho roduoad is^  (ramlUon probability oorrespoadin^ to 
•q«(3) l» givaa by*' 
S o tJ 
8(Eat 0* - ^ 3*) • — 1 - . (1 - - | - ) ( i - - % - ) * - • • ( « ) 
iriiara 
S , • J l aad q « - i i f i - - • • - . - • - « • ( t ) 
Kara C^g i* *^^ * aaargy of IIM 3'*' at«ta af/groiwd at«ta 
rotational baadf £<|g io tha aaargy of 3*^  atata of tba 
gawi* vibrational baad and o^^ i^a tha anarty of u^ atata of 
tba bata vibratioaal baad, Uaia^ ^ tba ralatioa (6) tba 
traaaition probabilitiaa bava baaa oaloulatad for 35 oaaaa, 
fba aiagta partiala radaoad traaaitioa probabilitiaa, 
BCEJ, 0* *^ a**")^ ^ Imvb baaa aaloalatad uaiag tba ralatioa 
8{E«, 0* -*• 8*) • a. l iA*/^ a* x iO*^* o»* 
a» id) 
Th« •xp»riatat«l traatiUoa probatolliU** tony* 
b««ii eoai^iltfd from Iftieltar !>«*« f«bl««^% la •»•• o««*»| 
%%% traasitioa probebilitidii ti«r« lM«a oaloulaud irom 
hair-llf* a*a«ar«Mat« «li«r« ti^ (Ur«ei a««siar4iM«»f» «r« 
ttot possible* 
(b) insults and a i a o t f ioa 
Coluaas 3 to ii and i3 of tbo iabia 1 giva i^a 
ralavant lofornatloaa to bo aaaul i» tba oatouiatiuaa* 
Coluan 9 of tbe saao tabia givaa tba valaoo of traawiUua 
probabllitios oaloulataa uniai^  a^uatiou \Q), Uara wa 
dafioo two f00tora f^^ and r^ ^ aa followa 
p , J .f fftt ^»i 
M 9(EJ)B,1 
and 
r . t . . f» i • - - - • • • • - . • - (la) 
SP 8(83)5, 
Ihara ^(E^) i t tba aaparlMtatal raduoad i£» traaaitioa 
prababllitri <>( 82)011 ia tlM ratftioad &^ traasltioa proba-
bil i ty oalatilatad froa tlM Oavytfov-Hostovaiqr aoaal and 
BCE^)^, i t tba tiagla partiola raduoad 4^ ^ tranoitioa 
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prob«toiliU«0 from ttm tirmt %* « t a U io tli« u'*' (rofui4 
• t « t « . Tli««» values f^ anA F ^ hava baaa ^ivan in 
ooluaasll aiMi ia «a<t iiia last oaluMa givat t&a aan^axiality 
parwiatar y ^ takan froa t&a work of ^araliai aaa ttoaa^^^* 
Aldar at a l * ^ ' aludiad tha ajrataaaUosof t^ ^ traaait lon 
probatoilltlaa aad polataa out that tba iataraotiona of tHa 
rotational aa<3 irltoratloaal baaAa ara raaponsibla for ttia 
aahaaeaaant of tlia i^ ^ traaaition proliabll ittoa, MatHaa and 
Mitaott^' furtiiar aapltaalaad tha oeourraaoa of oollaetiva 
vibratloas and thair ralat ioa with atiail atruotura. flio 
rat io 0(^j|)^xD^^^^3)jB balng olwaya groatar tliaa ona ooa-
f l raa tha faet tbat tba f l r a t 2^ atataa ara lar^aiy oolioo* 
la) tftva* Hajput MBit Salmal ' founa ttiat ttio aakaaoaaant tmt^t 
f^ of tha Eji traaaltloaa f)^nva^ to \i^ atata daoraaaaa 
graittally with tlia laaraaaa in ttia valaa of j»on«»ailality 
par«Mtar y^ of ^avydoir-Filippoif tkaory* 
BxpariMMtal trwiait ion probabil it iaa ara tabalatad 
in aoiaaa 10 af tabia U <So«parlaoa of tHata axparliMintal 
Yaliiaa v l tb tlM tbaorati««l valuaa aaioulatad u»ing i^ a 
ttaaory aad/ai«tt* part lala valuaa akowa tbat UH aatinataa 
ara aloaar to tHa axpariaantaS Talnaa tbaa tba a la l ia 
part la la aatlnataa. Tbia IndlaaUa tba otiparloritjr of m 
nodal ovar tlia alngla part lala nodal for tba dafornad avaa-
avaa aualai* 
73 
ih« factors Fj^ Md F^ ^ ars plotud •itttnot tit* aoii-«xl«tity 
141 
p«r«Mt«r y of 0f ttioorjr. A« roportoH oarlior ' tlio 
factor F^. door«a*«a gradttallx witb laoraaoing vaitio of 
aoa-ftxlality paroMtor* But in tbo |iro«eat oaao wo liavo 
oboorvod tbot tbo factor f^ ^ iaoroaooo olowLy witit tho 
iooroao* ia ttio value of tb* aoa^axiality paraaotor, fno 
variatlans of ¥^^ aad F^ ^ vitti noa-axiallty paraaotor y^ 
aro stiown in f i t . (2)* Fraa tiio finora I t la oloar tiiat 
tbo IM oatitMttoa arc bettor opproxitiatioitK tban tbo aia^iio 
partlolo eatlttatos for tbo dafomadi auoloi, fbo diaaftroo-
«eat in tbo two valitioa of oabaaoa«M»nt faotor F^ ^ and t>'^  
arc qttito largo for aaall valtioa of y ^ and dooroaaoo far 
bifbor valaoo of y^« Tbo two faotora follow an ontiroljr 
difforont trend* fbo variation of tbo faotor r^ ^ witb 
neutron nvmber i« ebown in fig« Oaj* In fig* i3b) tbo 
variation of F^ ^ witb proton nuab«r» Z^is givea« i t can 
be seen froa tbeae figurea tbat tbe faotor V^^ laoreaaea 
aa tbe aagio anaber ie approaobed and again deoreaeea aa 
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Tli« cxiprttiiioii for tli« r«<lao«d E«| tr«ii«lilaa pro-
bAbitlUet fron th« 2^ •%«%• of X « a ntirftUtfuai Hand to 
the a*** ana 0^ atata of tlia grouad atata rotationol band 
daa to ttia D^  nodal^' ara 
8 o 3 
!l(E«i 2 a*) 5 a - Q, a 
aeA 
Sia"(3 y^) 
•><•«••• ' ^ i i ) 
and 
BCSg, 3*' ->• a*) mmMmmmmmmim 
3a7\ 1 -
3-a si«*(3 y^) 
yi>-s sitt*(3 y^ > 
ua; 
vhlle tha oorraapoading aacpraasiona of ttiaaa tranaitloia 
protiabilitiaa due to OH »odal ' ara 
»(tg» a** - ^ 0*) 
»6 A 




^^ • g\ 'V 
B(B^, a*' - ^ 0*) • 2«- - 1 . ( i« 3 | - ) ( i - - S i ) * • • « ( u i 
Hliart Q^ y a t^ • «ad q> «r« all j^y«ii in o^** dt 4 aad ?• 
Uving ih« Taltits ot y^ 4at*r«iiMi4 ^roa tUt r«Uo^^^ 
K(4} • Bj^(4^}/K|(d^) fUKi tU« •xp«rl.»«nt«l irala«« of • fia4 
49 tti« ^2 tiraaviUon proiiat»tltUa« i>«y« tfa ealoulatad 
from mq»» ( t i l to ( U ) ana tiioir raiioa, B{&^^ 2* *-^ 3^)/ 
B(E„» a^  '*- «>'*')» itava Hoaii diofairMiaod. tbo ot^uilioriiui 
doforgwUoa para«at«r (^ ^ to iakaa fraa tti« «ortc of naranialc 
and ilasnuaaan % flM oxpariaoatal r«<tao«<S li^ traasltioa 
probaHilltias tiava iMioa oo«|ill«<l froa too roooot roforoaooa 
and tliolr ratios liavo boon oaioulatad. ftio anlianooiMnt 
factors for tlaa traasitioo froa tho a* stats of & « a vibra-
tional t>aa<l to tbs 3^ a»A O^  stats of ttis groima stats 
rotational band ars also oalouiatsd. ws dsfins tbsss factors 
as 
'»Ri • . t T ^ ^'*^ 
« ( E , , 3* - ^ 3*)jj^ 
» ( e j» 3* ' - ^ 8*>^^ 
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r i a * l t f tti« ra t io of iii« triuisiUoa {^roHaHilili** 
9(&2» ^ *~^ ^ '«^DR ^ ^ ''^^^ eal«iii«t«d to «osipiir« XOm 
•xporiMtttftI iralttoa with tlia tboory* 
l a tablo a eoltwa^ 3 aa<l 4 gtvo tii« r«l«iraat data 
to oftloulat* tho tlioorotloal tri iasltion probability ra t ion, 
O^Eg, 3** -»• a*)/tt(tij» a** -•• a*> ituo to w** aatl w» ttodtia* 
Coluwa 9 of tht Sana tabla givaa tbo axiyariaaatai traaait ioa 
probability rat ioa, Tbe tbaoratioat ratioa ilCfc;^ * a^ «^ %*U 
B(E-t 3* -*• 0**) of Davydov-Tilippov aaUDavyaov-Hoatovaliy 
aodala bava baoa j^ivaa in ooiuMis^ aad 7« tbe last ooiaaa 
givaa tht ratioa of tba radaoad traaait ioa probabiiit iaa 
Z"B(8a, a*' -*• a^VaCv a*^* -*• '^'^hm^/C^^H^ ^*' -*" ^^f 
KEj. a** -^ ^*)Jm • 
Fig* (4) abowa tba babavioor of tba axperiaaatal 
ratioa B(BJJ, a** - » a * ) / i ( « j j , a** - ^ a*) agaiaat tba aoa-
ax la l i ty paraaatar y^* f i < , (9) i a tba plat of tba aiMia 
ratioa ealoulatad froa tba Davydov-JPilippov and Darydov-
ttaatovaiy BMMIala vtraua y^* tlia oorraapoadiag rat io 
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ftf«(8). fro« tiMM tlgw i t i» oliviout that in* on 
••U««tot fiv* iMtttr f i t to %h9 •xp«riMAt«l v«lu«s M 
eo«pur«tf to ttto W ootlaiitoo «ii<t tho valao 1,43 of Aolur 
tm4 Mottolooa* Hit agrooMittt of %k9 oxporiaoatal v«laoo 
with im •otisfttoo It qui to good In «l«oot «l l tbo nuolol 
in tho tfoforatd rogion (for viiioH tlio ro^uirod data co^ e. 
«Ar«il«l>lo) ojceopt in plfttiniw aooloi as i« ovidoat fro» 
fig,(6>. Aitnougii, tbo ratio uu^^ a** -»• a^j/Uifcijf a*-*» D*> 
of DH aodol doos quailtativoly raprodaoo t&o laoroaoing 
trond of tbo oxporiaoatalljr oboorvod valitoo vitli atoaie 
voigtit in platiniia auoljl in a twttsr way as ooi^ ;>arod to 
W aodolff tlM foraor dooa not indioato tbo abrupt Ifl^ treaoo 
in tbo ratloo wltb tbo atoiiio woigbt of tbo platiaua nuolol 
a« round oi^oriwintally. Ibo abrti^t ebaagoo la platiauA 
nuolol Moy bt duo to tbo ouddon doeroaoo of doforiiatlon ao 
wo novo bojrond y^ • 98 wboro tbo nuolol aro oonoldorod to 
bo pooudoopborioal* 
jmotbor Intorooting foaturo i t tbat for tbo nuolol 
wltb aotttron nuabor tfO altbougb «o obtain an agrooaont of tbo 
Oft ootiaatoo wltb tbo oaporlaoiitat valuoof tbo ratio of tbo 
abovo traatltloa probabllltioa for tbooo nuolol lioo bolow 
tbo goaoral trond of tbo eurvo ao oboon In f lg^.(^) *"^ (^i • 
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j;v 
S3 
Probakljr t M okc«rr«« alMorMa totliaviiiiur i a in* ra t io of 
l a <laa la tlia a r l U o a l aautrott aiwiMir i»a iraf* at and 3T>. 
Ia taUla 3 tba axparlaaatai valufla of au^v '^** '^ ^*i 
and a( f i , , a* ' - ^ 0*) ara glvaa i a ooluaiise aad T. Collars «t 
and 9 giva tHa aaaa raduead traaai l ioa probabil iUaa oalaa-
latad utins ^Q** it$) aad (14) of f>M aodal aad t&a last iao 
eolaaaa gtva thalr rat ioa a(iSj, a** - ^ 2**')4gjjp/tti*'a»a*' -*• a*)^^^ 
and B(gj , a** - ^ ^*^sxp/*^S» *** " ^ * * * W '•»P««*A^»Ay • ' 
thasa nuolai for vliiob Mta raiavant inforMiliona ara arail-* 
ablo to oaloulata ttiata ratios* 
In f ig* (T) tlM ratioa ^^^^j. aad F^^^ ara plottad 
against tha aoa«>axiality para«etar y^* fli« iaoraaaa of 
ttiata raiiiot with y ^ l a not aa olaar as that of tna ratioa 
of E^ transition probabilit ias frotn ttw 3**" ground stats 
rotational band to ttia 0^ ground atata as oosorrsd in f ig . (a^. 
In eoaolosion i t maa Oa aaid tiiat tiia mi aodal tt&ioli 
takas into ssoouat tbs oollsetivs asoitation of a l l typaa 
iA ttoa oalottlatioas of transition prooali i l i t ias i s in battsr 
agraaaaat witti tlia axpariasatal valiias oirar a aida raaga of 
naolai in daforwad ragioa tliaa tlia i# aodal aad vilirational 
aodal of solir aad Mattalaon. Taa axoaptioaa ara paaado* 
aphariaal platiaita aoalai alMaa typical toahairiour haa bsaa 
poiatsd out W aaay aarliara *^ 
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and Ur«t»lQr^ ^ Md Os^Slittlil^^ hM sat villi oonsidarabU 
sttoetsc in •aKptalntim tli« aiMrisr l«T«i« &t aooa odd » A 
auol«i» ia t«r«a of tiio oxoitftUoti of tbo •••!& * ovoit oor«, 
la Ibis «od«l tlM oiiiiito iittrllolo orblto aro lo f i unolioiigod 
and oalr tba aaraitatioa of Uia avan-^van oora ia taicaii into 
aooouat* Coaaaqitiaailjr* tiia exoitad lavala of add « A aaolai 
ara iatarpratad aa iboi dua %& tba oeuplin^ of tfia aiotiona 
of tha add aaolaan to tba axoitatioaa of tba avaa oora* la 
gaaaraii tba «ava fuaotioaa of tba odd - A auolaua ara daa-> 
oribad tigr \jQif ^> abara J ia tba total aai^alar aoaaatutt 
Of tba atata abaa tba odd aaelaoa ia a atata i ia ooupiAd 
to a aara atata J^ « fbo raaultiag oora aaltiplat baa a<i • i 
atataa aitb afiaa «'*'^-4» ''a*"^ *** • • - • • • • • • - ''^•J* 
If aa aaaaidar a ai^^la aitoatioa abara «f^ « 0 aad 3, J • ^ 
aad aa sii i iai af tba ndjaaaat aiagla partiola aaargr iavata» 
tbaa tba vava faaatioaa of tba tbroa paaaibla atataa (graaad 
atata aai tba t«a aaoitad atataa) doa to tbo oot^liag of tba 
add aaataaa «ltb tba aara atataat arat 
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3 • * a • l > **' 
la ord«r to Jotltfy ttiia pioturs of (li« oiiitlo 
^•rHelo «<ir« oott{iliii( M»a«i of odd "» A nuoloii tMurlnft no 
[^•r««a«at tfofaniiiU^Mit th« fojilowlag ooadlUoaa tutrm tMi«a 
f«igfftt««4 tor o«*sbsiii''f 
( t ) flMi o«tttr« of gravilijr of IHo aalUplot of o4d • A 
auolol oHoatd h* a^i^roxlMatoir •<|ttal to t ^ onorgy of tbo 
taroitod otftto of tHo ooro i*o« i . • 
j^atboaattoallr*^ 
^ < * • ' « • *) «^/ ^ ( 3 J , • 1) • Ej * - - « ( a ) 
vkoro S^ roproooata (iko oaorgioa of tho aalUplot otatoo 
•orroaiioadlag fo tiM aiatoo «f. aad i^ . oorroi^oada to tbo 
•aoltatftoa oaorgy of tiio ooro* 
Ctl) fHo irodoood 8 , tranaittoa pivliabiUtioay »{&^)9 
ftatt ma varlaaa taoMiara of ttio Multlflot atatoa (ariaiat 
dao to tho aoai^ttac of tbo ooro atato J^'* »* vita tiM aiaglo 
fartiolo atata) to tbo groaad atato aboald ba oftfal ta aaab 
ss 
oth«ir and also nqtial to tiiat of tha tranaltion a* - ^ 0**" of 
the n<«>tghbourlng avon oora nuolel* tha thaoratloal raduoad 
trnnnltlon probabtllty for ii« tranaitloa, la tariua of tanaor 
oparaior Is j^ tvan by 
•t / , . ,. Sv 
'^ (^ v r, — i , ) . Uij . i r ^ \<'t\\^ \\h> ( 3 ) 
whara t and f atands for Initial luid final atatoa reapaotlvaly 
and -O-^-*^ la the multlnole order doflnad la rofarenoa (3), 
(111) The M^ traniltloni from different aultlplat atatos 
to the ground atata are absolutely forblddea. If there i s 
no eonfl^uratl'w mlxlm;. 
(iv) rhn reduced M^ trnanltlon probability botwean the 
fflfTAbersi of the multiplet atatea J | —^ i^ la given by 
! l (^j , I j - ^ of^ ) « - ^ 2 (aj^ • 1) j ( j • 1) 
. 2 
where g and g are the fyronagnatlo faotora of the oora 
and the partlele reapeotlvaly. 
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(w) fmr ikm E^ traA«itioa»t t^ lMir« lAotild !»• no orott 
•v«r triM*itiott« froa two phvmom 9tm%9» to tiM troantf simt^y 
attlioiifli t rwi i iUosa iw/^Xring a oUaMga of mm iw i t ot 
IpliosoA «ro ollowod* 
fho ooro ojcoitAUoii Modol Has t>ooa appliad Iqr 
D#-»aalAt*^ to tlia lowlyicift oaorur lovala of ^ ^ f l , ^^Sl^ 
^^^Af» ^^^A« and ^^ ^Mg for i6iel i ilio proton i a oittiar i a 
^ l /a * ' ^1/2 *''^^^* fitrUiori tbo odd aaaa auoloi io tao 
rogions of 2 or M«d9 to 491 aad lf«03 to T3 aad odd ttaaa 
iaotopas of P t | Bg aad f l toavo iMoa auggostod ^y aooo autbora 
aa ttui poaaiblo OMMO for ttio dotailod iovoatigatioas to toat 
tho v a l l d l t r 9t tiio propoaod aodol* 
Ualng tbe oxporiaoatal data of * Au« oxtoaalvo aad 
quantitatlira atadloa of eoro ootipliag nodal bavo kaoa par-
foraod bsr Oo^Sballt^*^^ la tar Hjr MolUaloy a t al«^^ aad ifty 
A) 
raooatljf by MoGovaa at al» ' * tba groiwd atato and tkm f i r a t 
four oacoltad atataa of ^'^^Aa, * * * I r , ^^hr aad ^'ua vara aiao 
•> . l ,M«^- *<» 1 . t h . l U h t ot t>» p r . M . t ^ . 1 . m M l , 
aaeloati v i tu ground atata apia :^ 8/a» that haa atoa aaaljraad 
ao far i a taraa of tlia ooro oamitatioa i a ^^ ^X (raf* i i ) « Xa 
a l l tiMaa iavaatigatioaa* tlia ai^ traaaitioaa froa tiM aaakara 
of tita aa l t ip la t to tHo groaad atata kaira haoa oaaarvad» alao 
tiia •(Kg) Yalaaa ( i a aoapariaoa v i ta tho i^ ik^ g) valuaa of tho 
ooro atataa) i a aartala aaaoa aro hiadarod and aaaaot ho 
d'l 
•jtpl«ln»d bf tb« «or« ooupliag oodtl* ni«y li«v« lNi«a iai«r< 
ipr4ii«4/dit« to tli« l«pi ir iU«s ^r^ctat in tiw oorr^tpoiidiiit 
• t« t«a, ni« poat ib i l i t r o< iMlalxtttrtt ot an eiijaoaat alasia 
part iala laval ia ma aara axaitatioo lavala Haa baan d ia -
auaaad ta 4a ia i l Iqr Ha-^tkalit '» Ilia wava funetiona of itia 
groaad afata and ttia mi lUp ia t atataa aiftti ilia poaaibla 
adalxturaa for a aaolai aHoaa grouad alata apin ^2, ara 
glvaa W 
1 'A > = 1 2 - 3 / , , /A > 
^ 3 ; 
3 a 
wliara a* and b* ara vary aaarljr aqaal to uaily and ara 
aaaaoraa of tba adalarturaa of alngla part iola atataa in 
\ 3/3 > aad I »/a > y raapaatiiraly. 
aaaairart a larga adaixtora of about M% of tba aiagla* 
prataa atata ta tba aara axaltad atata waa obaanrad for ^^^ti 
by larlaaoa a t a l«^* ' Tba graiMid atata apin for tbia aaaa 
i a a/a^* Altbaagbi tbia aualaua wtm eoaaldarad by Oa^^balit^^ 
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« • •m of the b*s« •Mdl<l«t«0 to i««t U M •lttftl« pa rUo l * 
o*r« •oiiplftiic ao(l«l| iCarltsoii •% a l . ^ ^ ' f«voiir«« raitMr « 
single ^arUele pietaro for thia auotoua to oxplata tfto lo«^ 
lyittf 3/a^ «3coito4 otiitoi tftoa tbo ooro eotapltiis aodol* 
Roblmoii o i at,^^^ foua<l eortain ditoropanoloo ^tvooo ilui 
Oo<»Sli«llt*t pictMro Olid IHo aoaourod properUoo of ttio lovolo 
i a A« sttoli ao ats laatitl&ijr to aoeoimt ttia an/obaarvad l o w 
Ixtag lorala oa tlio baaia of tli ia •odal* Aa ojctonoiira atu<|y 
of ^Cu and 6ti W Qova ' baa oaatad aoito atroiij^ douHt for 
ttia i ra l id l t r of ttta alnglo partiolo aodal aa tba ooupling of 
a J « 3/a partlolo to tha ^^^ or ^ ^ oora dooa not ado* 
quataly ascplaln tHa axporiaaAtfil raaulta* fialalqra at a l * ^ ' 
and HeOoaald and ror t t r^ ' polntad out aotao l iwitationa to 
111 tHa uaafttlaaa* of thia «odal in tUa ooaa of **cd» fho levoJL 
hava baon aaeoaaafuliy 
intarpratad lyr aiaoic and ariiiila^ ' and Bimit at a l « ^ ^ i n 
tar»a of tha 99rm axoitation aodal of i ia - i t ia l i t i vtiara i t ia 
aaiuMd that ttoa eaiiaetiira nattura of ttta atataa ariaaa froa 
tlia oouptiag of a Py^ 9^^^^"^ A' proton bola to tna vibrational 
atataa of tha doably airaa ooraf * ^ S d , ****Fd, ^^hm or * * ^ f d . 
Taking inta aaaotiat a i t tbaaa dif farant pointa of viaw 
«a tboagbt that i t i a aortb nbila to taat tba v a i i d i t r of 
aara aoapling aodal br a ayata«atia atadr. Za tba praaaat 
92 
tav««Uf«Uoa «t liftv« ooii»id«r«« only two Mi9««t« of %b% 
«or« eottpliai Mdalf tli« omntf of grairily taaoraa aad tlM 
gjl traaait ion ^roiia&tllHaa fraa lb« Tarioaa eor« aulUi i lata 
to tiM grooad atatat (for J m t /a^ 9/2) duo lo tha faot that 
tha kaaaa axpariaantal inforaatloaa ara l ia i^act to tbaaa 
eoaatdarat&otts. fiia t»oltaviottr of thaaa two faotora tiaa baan 
at«Klla(t at a ftiaottoa of aaatroa auatiar* 
3* yrfaflt iott Pfo^i^^^ty <PfleaHH0H 
tht ax|>ariaMiatal radaoad i^ aad M. t raat i t ion probabi* 
l i t i a a fron tho aaabara of tha aul t i i i ia t to tlia ground atata 
hava baaa ealoalatad utiag tba aii^yla ralat ioas 
1' • • ""• "-'"'"" " Jl - - • ( t ) 
« «*tt/^ i.44 <1 • < ^ ) ! • $ * 
Vbara 0 ! • tba braatbtag ra t io af tba traaait ioa aadar ooaai-
daratiaa* B io tba traaoitioa aaargy i a MaV» S^^igj/M^) i t tba 
aixiag ratiog < t i a total iataraat aoavartioa ooaff laiaat aad 
f j^j l i a tba balf l i f a of tba axaitad atata* Tba arrora 
i)3 
(«(iloiiliit«<l ta MoUoii 3) i a Vkm v«la«« af ratftiMtf trmtai" 
itoa protoaMlitiaa ara aaialr tf«»a la tba arrora in taa 
dataralaallaa of t ial f - l ivaa aad ilia «lxla« ratioa* aa tHa 
arrora la tba valaa af oaavaraioa ooafflalant daaa not aoa* 
tr l lmta appraaiably* ita*airar» tlia mrror i o ^ ^ i a alao takoa 
into Miaoaat abaa i t i a oM^aratlvaly larga* flia liiii>g§ 
Z* «*-^ 0^) Talaaa tar Ida oora Aava liaaa lakaa froa Itia 
Naelaar Data fatolaa^^ • 
3* Hm^^ y ^ Pttf«ff^offi 
flia oaatra of grairity of ftba auX tip lata Haa baaa 
ealottlatad for 39 add*A aaelal aaa ooaparad a i tu oorraa* 
paa^ag f i r a i 3*^  aaargy atata of tlia naiiairatiriaft avan*avaa 
eara, Coloan 9 af tHa talilaa i aa4 2 givaa tlia aaatra of 
gravitr of tlia at t i t iplat aaa taa aolaaa 10 of tlia tablaa 
flYaa ilia f i r a i Z* axoliad aiaia af tua aora nuolai* taa 
rat io of tfetaaa two valuaa baa iMMitt ealeatatad aott givaa lo 
ilMi aalawi la af U M aaaa iatolaa* I n f ig * i t tlia ra t io af 
ilia ^^kU'9 af iravitjf af ilia «a l t ip la t and taa anarijr af iba 
f i r a i t^ axai ia i atata i a plattatf acaiaat iba aaatraa aaabar* 
If of aira»i»a«4 aaala l . I t i a faaaa tbat aoat of iba poiato 
l i a aaar iba l iaa aarraapaatfiat ia iba ra t io aaa* Sa aaaa 
u 
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tm— e .g. ^ • A I , * * • ? • , " • « • » * • • # * •»« ^**«i I t U 
d i f f i e a l t t« i t f tnUf f U M cor* •jcettAtioa l«v#l« M tlMr« 
• r« «tlMr • ! « § ! • p«r«iol« lttv«l« of tii« ««ae Apia aatf pwit^ 
i n tliat r«fiott* I n aui^ «« • • • tii« r^auMd g^ iTMif l t ioa 
i>r«lMlilliU«« from tlMi varlotts l«ir«l» to tJi« groiMd t tAt* 
ttr« eo«|»iir«4l witli tbat of tHo eorrotpondiiai^ ooro« 'HM 
Vftltios of tbo o4d[*A ttttoloi niiio^ givo goo<t ogrotaoat witti 
tbo f'Aluoo of tho ooro ooolol «ro talcoa to UB <lao to oor« 
•jcefttatiott* dr ^ i ^ * eoasidioratioa «o novo takoa 38 koV aad 
67i mv lovolo of ^^To, 94 koV' «ft4 373 inV lovoio of ^^*Xo» 
139 koV ami aiO kov UwU of ^ '^^ Ft aod i9«» koV aa« aad kotf 
lovola of aa tbio ooro oiceitatloa lavota* i t i a iatoroat* 
lag to aoto tiiat i a tbo oaao^of * * ^ # , ^ ^ \ o t * * * f o / ^**xa^ 
tbo f i r a t 3/a^ oaeita« atato ao far ragaraad aa duo to tiia 
^f /a • ^ • i ^ MOdal atata bappona to kava tho raituaaA i^ ^ t raaa i * 
tioA probability to tbo frouad atata aqaai to tbo BCE^) valaoa 
for tbo f i r a t a**^  ^ --^ Q* t raaait ioa of tbo oorroapoadiag ooro* 
I t i a alao to bo aotoi tbat wboro tboro aro aiaglo 
part ioto loYOla i a tbo ragioaa of ooro oxoitation lovoloi 
aoao aiaiac *^ * ^ aiagla partiolo varo fiiaetioB « i tb tbo 
ooro aoBfllag M i l i i f l o t atatoa i a alwara poaaiblo. faob 
• i j i iag of tba alagto pariioto vavo faaotion aaboa »g t raaai * 
t ioa f r o * tbo •arioaa aal t ip lota to tbo grouatf atata 
biadoro« i a aa^parlaoa v l i b tbo l ^ traaait ioa f r o * tbo ovoa* 
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•van oor«. m i * nAjdag also «alM« tba Mj^  tr«ii«lUoii po»sli>i«» 
otli«r«i«« tlt«y ftr* toriilddttii •ooordlng to tbi» ttoil*l« 
TlMi r«4tto«(l &^ tTMitittoa proi>al»iliU#« havtt i)9«it 
OAlottlaUH for a? CAMS* the i^ ^ traitsiUoA prot»ak»iliU«« 
frott ti l* various immb9r» of tlio aa l t ip lo t Hair* boon ealoaiat«a 
uaiiig aquatloa (0) end talnilataa in tli« ooluan 7 of tlui ta&tos 
i and 3« Tha axparlttantal valuos of tiia i^ ^ traaait ioa prolia* 
b i l l t l o a of tHa oora taicoa froa ttio Nuelear i>ala faiiloa^^^ 
liava baan gtvan in ooluaa i i for tHa •aMu of eom^ariaoa aad 
ttia rat io ^(lSa)o0f^/^(^2^M '^*' '***° i;ivea i n ooltum i g , uara 
8(g^}^ and 8(tSg)^^^^ oorraapoad to tba avaraga valua of tlia 
raduoad B^ traaaition probabil it iaa froM tba lavala of t&a 
ntt l t iplat to tha ground atata and ttia raduoad g^ tranaition 
probabil i t iaa froa tha f i r s t a*** atata to tHa O"^  ground atata 
of tha raapaotiva oora nuelai* In f i g t ( a ) tha valuaa of 
^(^a^oora^'^^^a^ll ^* ptottad aa a funetion of aautroa nuahar 
If of evatt*odd anelai* I t i a ohaanrad that thosa auoiai whioh 
ha<ra tha siagta partiota wara fuaotion adaixtura in tha oora 
aaroitad atataa l i a ahova tha t iaa oorrasponding to tha rat io 
ona« Sinoa tha i^ traaaition froa tha aaahara of tha a i i i t i -
p lat cannot ba faatar than that of tha naighhouring avan^avan 
noolait no point ahonld l i a halov tha l ina oarraaponding to 
tha ra t io ona and «a find that nat a aindla oasa in aantrarjr 
to thia« Graatar davintiaa of tha poiata froa tha l ina i n d i -
oataa tha largar adaixtnra of tha aingia part ia ia vara ftiaa-
t ion in diffarant atataa of tha au iUp la t . 
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Coltiaa i4 9t tht t«lil«« 1 and a giv»a tli« r«dtio«d 
11^  i rant iUon pr«li«l i l l l t i#» trom %h9 •arioun wmmhf of 
th9 milti i^lat to tlio frotmii otaio at ealeulatod bar oijiiatioii 
(7)« Xa a l l oaaaa ttia raduead tf^ traaaiUon probabil iUaa 
ara aaallar Iqr a faator ^ 100 aa ooaparad to tha aio^ie 
jpartlala aaUaateaf axaapt i n tba oaaa of ^Cu* to ajq;»lain 
tha otoaarvad low vatua of t&a ttindaraiiea faetor {B{iA^i^^/ 
l}(tf^)j^ ^ 1.0 ) i a tba oaaa of ^^Cu ona aaeda fitrtliar i a v a v 
t igat ioa, 
Xa oonolttaioa i t owa Ira aaia that tiia praaoat aaolyaia 
ahowa a quailtatiire agtaaaant v l t l i the pradlotioaa of the 
aiagla partlola oora ooii^llog nodal« 
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IL NUOVO CIMENTO VOL. 12 A, N. 2 21 Novemlbre 1972 
Comparison of D B Model E^ Transition Probabilities from 
the 2+ State of the y-Vibrational Band with Experimental Values. 
A. AuGUSTHY, B . P R A S A D (*) and M. L . S B H G A L 
Department of Physics, Aligarh Muslim University - Aligarh 
(rioeruto il 26 Iprilo 1972) 5" 
Summary. — The ratios of tlio E^ transition probabilities from tlio 2^  
state of the y-vibrational band to the 2"^  and 0^ states of the ground-
state rotational band in the rare-earth and aotinide regions of the oven-
even nuclei are estimated using the asymmetric rotor model of Davydov 
and Rostovsky. The known experimental B{1S^, 2-^'^2+)jB(E^, 2+ '^0+) 
values for the above regions are compared with the theoretical estimates. 
It is observed that this model explains satisfactorily all the known experi-
mental data except those of the platinum nuclei. An explanation for the 
disagreement in the platinum nuclei is given. 
1. - Introduction. 
During the last few years several phenomenological nuclear models ('•"'') 
have been proposed to predict the low-lying levels of the deformed even-even 
nuclei. Among these the asymmetric rotor model ('•*) is one of tlie successful 
models. Using this model DAVYDOV and PILTPPOV (=) derived expj'essions for 
the transition probabilities between the low-lying excited states. Later, DA-
(*) Now at I'hysics Section Z.II, College of Engineering and Teclmology, A.M.LT., 
Aligarh. 
(') K. ALDEK, A. BoHK, T. Kuss, B. MOTTHLBON and A. WINTUHJC; Rev. Mod. I'lii/s., 
28, 432 {195G). 
(") O. NATIIEN and S. G-. NILSSON: in Alpha, Beta- and (lamina-Ray SiwcUoscopi/, edited 
by K. SlEGBAHN (Amsterdam, 1965), p. 001. 
(') A. S. DAVYDOV and G. 1<'. FILIFPOV: NUOI. Fliys., 8, 2:!7 (1958); A. S. DAVVDOV 
and A. A. CHABAN: Nud. Fhys., 20, 499 (1900). 
(*) A. S. DAvynov and V". S. llosTOVSKy: Nucl. I'ltys.. 60. 529 (I9(i4). 
:!4i 
VYDOV and EosTOVSKT (*) have treated the problem of collective excitations 
by taking into account the interactions of the rotations with /? and y vibrations 
and derived expressions for the E^ transition probabilities from the different 
lo-w-lying energy states to the ground state and the first 2+ excited state of the 
rotational band. The systematics of E^ transition probabilities from the 2+ 
state of the K = 2 vibrational band to the 2+ and 0+ states of the ground-
state rotational band have been studied (=) for some nuclei in the deformed 
region using the DF model. But so far no comparison of the experimental transi-
tion probabilities from the y-vibrational band has been made'vvith the D E model. 
With the increased availability of relevent experimental data for a large number 
of nuclei in the region 150<J-<196 and A>230 it is interesting to study the 
experimental transition probabilities in the light of the DP and D E models. 
2. - Calculation of transition probabilities. 
The expressions for the reduced E2 transition probabilities from the 2+ state 
of the K = 2 vibrational band to the 2+ and 0+ states of the ground-state 
rotational band, in terms of the asymmetry parameter which is a measure of 




B{E,,2+'^2^) = %^' sin^Syo) 
B{E^,2+'^0+) = 
Z2n 1 — 
9 — 8 sin^ (Syo! 
3—2sin^(3yo) 
V9 —8sin2(3Vo) 
t while the expressions due to the D E model for these transition probabiUties are 
' ' 56;r s \ 2 s / \ 4gV (3) 
iirifl 
(4) 
w l i c i (• 
1671 S" "sJr 4J' 





(^ I. I' 0Ki.,ORri.\ and .\r. I". \y(yviK\: Xvd. Phy<i.. 19. 248 (KHiO). 
Here £20 is the energy of tlie 2+ state of the ground-state rotational band, 
622 is the energy of the 2+ state of the vibrational band and s^^ is the energy 
of the 0+ state of the vibrational band. The equilibrium deformation parameters 
have been taken from the work of B E S and SZ-£MANSEI («) corrected by MAJR-
SHALEK and EASMXTSSEN C) . Using the value of yo determined from the ratio («) 
ij(4) = J5^(4+)/JKJI(2+) and the experimental values of s and g of eq. (5), the 
transition probabilities have been calculated and their ratios B{Ei, 2+' -^ 
->2+-)/7?(J5,, 2+'^0+) have been determined using expressions of the DP and 
DB models. Experimental transition probabilities have been compiled from 
the recent references (»""). 
3. - Results and discussion. 
Figure 1 shows the behaviour of the experimental ratios 
against the nonaxiality parameter y,,. Figure 2 is the plot of 
B{I!^, 2+'^2+) 
B{E^, 2+'-^0+) 
vs. the nonaxiality parameter yg, calculated from the Davydov and Filippov 
model and the Davydov and Eostovsky model. This ratio according to BOHR 
and MoTTELsoN is 1.43 ("). From these Figures it is obvious that the DB esti-
(«) D. K. B E S and Z. SZTMANSKI: Nucl. Phys., 28, 42 (1961). 
(') E. E. MAESHALEK and J. 0 . RASMUSSEN: Nucl. Phys., 43, 471 (1963). 
(8) Y. P. VABSIINI and S. BOSE: JVMC?. Phys., 144 A, 645 (1970). 
C) F . K. McGowAN and P . H. STELSON: Phys. Bev., 122, 1274 (1961). 
(") L. L. UiEDiNGEE and N. E . JOHNSON-. Phys. Bev., 179, 1214 (1969). 
(") Y. YosHiZAWA, B. ELBEK, B . HEESKIND and M. C. OLESEN: ifucl. Phys., 73, 
273 (1965). 
(^ )^ R. GRAETZER, G . B , HAGEMANN, K . A. HAGEMANN and B. ELBEK: N'ticl. Phys., 
76, 1 (1966). 
(") L. VAENELL, J . D. BOWMAN and J. TRISCHUK: Nucl. Phys., 127, 270 (1969). 
(") G. D. BENSON, A. V. RAMATTA, E . G . ALBEIDGE and G. D. O ' K E L L E T : Nucl. 
Phys., 150 A, 311 (1970). 
(15) J . M. PALMS, R . E . WOOD a n d P . VENTTGorALA E A O : Phys. Rev. C, 2, 1125 (1970). 
('") H. IlTrsFx, R. A. NAUMANN and E. H. SPEJEWSKI: Phys. Bev. 0, 3, 756 (1971). 
{") G. ALAGA, K . ALDER, A. BOHR and B. MOTTLESON: Mat. Fys. Medd. Ban. Vid. 
For the nuclei with, ueutron number 90, although, we obtain an agreement of 
the DE estimates with the experimental values, the ratios of the above transi-
tion probabilities for these nuclei lie below the general trend of the curve as 
shown in Fig. 1 and 2. This peculiar behaviour is not found in the DF model. 
Probably, the observed abnormal behaviour in the ratio of the experimental 
and DE values of ""Kd, "^Sm and "^Gd is due to the critical neutron num-
ber 90 ("). 
Fig. 2. - The reduced E^ transition probability ratios B{E^, 2+'->2+)/i5(£^2, 2+'->0+) 
due to a) DF, 6) DE and c) Bohr and Mottelson models vs. the nonaxiality parameter y^. 
Open and closed circles correspond to calculated values of D F and D E models 
respectively. 
In Fig. 4 the ratios B{E^,2+'-^2+)^JB{E2.,2+'-^2+\^ and B(E^,2+'-^ 
->0+)^^P/JB(.©2, 2+'->0+)j,jj of those nuclei for which the relevant information 
to calculate the transition probabilities by the expressions (3) and (4) is available 
are plotted against the nonaxiality parameter yg. The increase of these ratios 
(18) L. PAULING: Phys. Bev. Lett., 15, 868 (1965). 
miites give a better lit to tlie experimental values as compared to the DJF esti-
ma,tes and the value 1.43. Tlie agreement of the experimental values with 
the DE estimates is quite good in almost all the nuclei in the deformed 
region (for which the required data are available) except in platinum nuclei as 
shown in Fig. 3. Although the ratio 
5 ( ^ 2 , 2 + ' ^ 2 + ) 
J?{B,, 2+' -0+) 
rijz. I. - Expiirimculal transition probability ratios B(E.^, 2'^'^2^)IB(E2, 2-^'^0^) 
vs. tlic nonaxiality parameter y,,. 
of the DB model does qualitatively reproduce the increasing trend of the 
experimentally observed values with atomic weight in tlie platinum nuclei in a 
better way as compared to the DF model, the former does not indicate the 
;i])rupf ijicrease in the ratio witli the atomic weiglit of the platinum nuclei as 
foujid experimentally. Tlie iibrapt changes in platinum nuclei mny be due to 
the sudden decrease of deformation as we move beyond y„ = 2.5 wliere tlie nuclei 
are considered (o be psendosplierical. 
•with y„ is not as clear as that of the ratio of E^ transition probabilities from the 
first 2+ excited state to the 0+ ground state, observed by BAJPUT and ATJGU-
STHY (" ) . 
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Fig. 3. - Comparison of Ike experimental ratios of the reduced E^ transition proba-
bilities B{E^, 2+'^2+)/i?(^2, 2+ ' ^0^ ) with tlxat of tlio DE model. 
In conclusion it can be said that the Davydov and Eostovsky model which 
takes into account collective excitations of all types in the calculations of 
transition probabilities is in better agreement with the experimental values 
over a wide range of nuclei in the deformed region than the Davydov and 
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Fig. 4. - Plot of the reduced E^ transition probability ratios 
-B(^„ 2+--> 0+),„ 
vs. tbe nonaxiality parameter y,,. 
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Pilippov model and the vibrational model. The exceptions are psendospherical 
platinum nuclei w h^ose typical behaviour has been pointed out by many wor-
kers C"-"^ ). 
The authors are thankful to Prof. E. AHMED for his kind interest in this 
work. One of the authors (A.A.) is thankful to the Council of Scientific and 
Industrial Eesearch, New Delhi, for financial assistance. 
(20) M. A. J. MABISCOTTI, G . SCHABTT-GOLD HABEE and B. BUCK: Phys. Bev., 178, 
1864 (1968). 
(21) E. K. SHELINE: l^ucl. Phys., 31, 335 (1962). 
(22) H. IKEGAMI, K . SUGITAMA, T . YAMAZAKI and M. SAKAI: Nucl. Phys., 41, 130 
(1963). 
(23) K. KUMAR and M. BAiiANGEE: Nud. Phys., 110 A, 529 (1968). 
• R I A S P U N T O (•) 
Si soiu) stimati i rapporti dcllo probabUita dolla transizioue E^ dallo state 2^ dclla 
bauda vibrazionalo y agli stall 2 ' o ()•*• dolla bauda rotazioualo dcUo state fendaiucntalu 
348 A. AITGUSTHX, K. PRASAD a n d M. L. SEHGAL 
nelle region! delle terre lare e degli attinidi dei nuclei pari-pari usando il modello di 
rotore asimmetrico di Davydov e Eostovsky. Si confrontano i noti valori sperimental 
di B{E^, 2+'->- 2+)/i?{S2, 2+'-^ 0+) nelle suddette regioni con le stime teoriohe. Si osserva 
che questo modello spiega in modo soddisfacente futti i dati sperimentali noti tranne 
quelli dei nuclei di platino. Si d^ una spiegazione della discordanza per i nuclei di platino. 
CpasHeHHe Moaejiu ^aBbi;tOBa-PocTOBCKoro HJIH BepoHTHOCTeii E^ nepexo;;oB H3 2+ 
COCTOHHHH y-BUSpaUHOHHOM 30HbI C 3KCnepHMeHTaJIbHbIMH BeJIHHHHaMH. 
PesioMe (*). — HcnoJibsyH acHMMexpHHHyio poxopnyK) MOflCJib p,aBhijs,OBa H PocxoBCKoro, 
'Qbxna oueHCHW OTHomeHHH BepoaTHOcxeft E^ nepexoflOB H3 2+ COCXOHHHII y-BH6papHOHHoii 
30HM B 2+ H 0+ COCXOHHHH OCHOBHOtt pOXaiJHOHHOft 30HM B HCXHO-HeXHblX flflpaX peflKO-
seMejibHoli rpynnbi H rpynnw aKXHHHfloa. HsBecxHbie 3KcnepHMeHraJii.HHe BejiHHHHM 
-B(E2;2+'-*2+)/B(JB2.2+'-*0+) flna BbiiueyKasaHHbix oSnacxeii cpaBHHBajiHCb c xeope-
XHHecKHMH o^eHKaMH. Bbiflo nojiyTOHo, Hxo 3xa MOflenb yflOBnexsopHxejibHo oSiflCHnex 
Bce HSBecxHbie aKcnepHMCHxaJibHbie flaHHwe, sa HCKuroieHHCM H^ep nnaxHHW. FIpHBO-
flHXCH o6i.acHeHHe sxoro pacxo»c;;eHHa fljia a^ep njiaxHHH. 
(•) UepeeedeHO pedaKi/ueu. 
Indian J. Phya. 44, 198-203 (1970) 
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B^ transition probabilities for 2+ ->• 0+ ground state transitions of oven-even deformed. 
nuclei have been calculated using Davoydov and Rostovsky (DR) estimates. The 
predictions of this model have been compared with the experimental data. From 
this comparison, it has been found tha t the D R estimates are closer to the experi-
. , • B(jE?2)exp , B(.E?2)exp. .^, 
mental rates. The variations of the ratios „ ;-, ^Kio ^ ^ " TSIV CO=D '"^*-" nonaxiality 
parameter '70' of Davydov and Filippov theory which is a measure of the degree of 
departure from the axial symmetry, have been studied. 
INTBODXTCTION 
Systematics of E^ transition probabilities for 2+-> 0+ ground state transitions 
in even-even deformed nuclei in the mass region 160 ^ A ^ 200 and A ^ 230 
have been studied by several authors. No definite correlation has been found 
between the experimental and theoretical transition probabilities. Several 
attempts by Alder ef al (1956), Coleman (1957), McGowan & Stelson (1961), 
Curie (1962), Rajput & Sehgal (1967),, Schwarzchild (1966) and Rajput (1970) 
have been made to explain the fastness of these transitions. The various models 
proposed to explain the fastness of these transitions have confirmed their collective 
behaviour. The most generally used single particle model predictions have 
shown that the experimental transition probabilities are larger by a factor 
ranging from 30 to 300 in the above mass region. In this work we have studied 
the variations of the ratios of experimental transition probabilities to those 
theoretically calculated on the basis of the single particle, (Blatt & Weiskopf 
1952) as well as the nonaxial collective models (Davydov & Rostovsky 1964), 
with the nouaxialiLy parameter y^ of Davydov and Filippov theory (1958). 
Davydov and Fillippov have suggested a model for deformed nuclei in which 
they assume that the rotation of the nucleus takes place TOthout change of the 
intrinsic state. The equilibrium shape of the nucleus is like a triaxial ellipsoid 
and is determined by the two parameters /?0 and 7Q, where /?„ is the deforma-
tion parameter and y,, is the nonaxiality parameter. When there is a devia-
tion from axial symmetry, it lowers one of the principal moments of inertia and 
increases the other. The nucleus rotates about the axis with the largest moment 
of inertia. 
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DavydoT and Rostovsky (1964) have treated the problem of collective 
excitations by taking into accoimt the interactions of rotations with /? and 7 vibra-
tions. The excited states generated in rotation due to the quadrapole vibrations 
of the nuclear surface are called y vibrations. When the nucleus passes into the 
excited states, the shape of the nucleus changes. This increase in deformation 
increases the moment of inertia and hence causes the centrifugal stretching. 
Such vibrations are called /^-vibrations. 
CALCTTLATIOir OF T E A N S I T I O N PROBABILITIES 
Davydov and Rostovsky (1964) have derived the expressions for the E^ 
transition probabilities from one collective state to the other in terms of the 
usual parameters of DF theory (Davydov & Fillippov 1958)). The reduced 
transition probability for E^ transitions from the ground state to the first 2+ 
state of ground state rotational band is given by, 
-,^— ... (2) S = ^^ ... (3) 
V577- £2, •^20 
Where Q^= ^ 1 ^ 
g = ^ ^ - ... (4) and i?o = 1.2x10-13xA^'^ cm ... (6) 
•^20 
Here e^ o is the energy of 2+ state of ground state rotational band, 622 the energy 
of 2+ state of the y-vibrational band and e^ ^ is the energy of 0+ state of the /?-
vibrational band, fi^ is the deformation parameter. The effective values of 
these parameters have been calculated from the experimentally measured energy 
levels. The equilibrium deformations /6'y used in the calculations were taken 
from the work of Bes & Szymanski (19G1) corrected by Marshaek & Rasmussen 
(1963). Their values were obtained using Nilson levels and including pairing 
correlations and arc in good agreement with experimental ones. Using these 
relations the transition probabilities have been calculated in 2G cases. The single 
particle reduced transition probabilities B{E^, 0^ '—> 2+)gp have been calculated 
using the relation 
B(E^, 0+-> 2+) = 0.31 A«'» . e2 X 10-^2 cm* ... (6) 
The experimental transition probabilities have been compiled from Nuclear 
Data (19G5). In some eases, the transition probabilities have been calculated 
from Tj measurements where direct moasuremr^nts rir-o nol .nv-.ii'ilil" 
EBSITLTS AND DisctrssiON 
Table 1 gives the values of the parameters used in the calculations. The 
column 7 gives the values of transiion probabilities calculated using equation 1. 







Alder et al (1956) studied the systematics of E2 transition probabilities and 
pointed out that the interactions of the rotational and vibrational bands are 
responsible for the enhancement of these probabilities. Nathan & 
Nilson (1965) further emphasized the occurrence of collective vibrations and their 
relation with shell structure. The ratio ; ^ : „ being always greater than 1, 
B(E2)oJr 
confirms the fact that the first 2+ states are largely collective. Several attempts 
(Alder et al 1956, Coleman 1957, McGowan & Stelson 1961 and Curie 1962) have 
been made to explain the collective behaviour of these transitions. No definite 
correlation was found between the experimental data and the proposed 
systematics. Rajput & Sehgal (1967) found that the enhancement factors of the 
E2 transitions for 21" to 0+ state decreases gradually with the increase in the value 
of non-axiality parameter y,, of Davydov & Fillippov (1958) theory. Davydov 
& Rostovsky (1964) have reviewed the DF theory and calculated the transition 
probabilities taking into account fully the collective excitations of all types. 
Experimental values of transition probabilities are compared with Davydov 
& Rostovsky (1964) and single particle estimates (Blatt & 'Weisskopf 1952). The 
theoretical values calculated using DR theory are closer to the experimental 
values than the single particle values. This indicates the superiority of DR 
estimates over tlie single particle estimates. 
Furtlier iiateresting information is obtained when the factors Fj^j^ and Fg 
plotted against the nonaxiality parameter y^ of DF tlieory. I t was reported 
earlier b^ ^ Rajput & Seligal (1967) that the factor Fgp decreases gradually with 
increase in value of the nonaxiality parameter. But in this work we have ob-
served that the factor Fj^j^ increases slowly with the increase in the value of the 
nonaxiality parameter. The variations of Fj^ji and Fgp with nonaxiality para-
meter yo are shown in figure 1. From this figure it is clear that the DR estimates 
are better approximations than the SP estimates; the two factors follow completely 
different trends. The variation of the factor F^^ with neutron number is shown 
in figure 2. The factor increases as the magic number is approached and again 
decreases as we go away from the magic number. 
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